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INTRODUCTION

A

A conference on Coherent Radars for Range |nstrumentation took place at
the Space and Missile Test Center {SAMTEC), Vandenberg AFB, California, from
5-7 March 1974, under the aegis of Range Commanders Council Executive
Committee Member Mr. Stan Radom (Technical Director, SAMTEC). The theme
of the conference concerned “‘what has been the past performance and what is
the future potential of Coherent Radars for test support instrumentation.” In
addition, empbasis was placed upon preparations for the upcoming GEOS-C launch.

This publication contains outlines and excerpts from the various conference
briefings. Names and addresses of conference presenters precede each of these
synopses. [t is intended that this document provide a means for obtaining addi-
tional dialogue and input in the area of Coherent Radars.
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AGENDA

SAMTEC CONFERENCE ON COHERENT RADARS
FOR RANGE INSTRUMENTATION

5-7 March 1974, Bidg 7000 Theatre
Vandenberg AFB, California
0900, 5 March

Coherent Radar as a Range and Range-Rate Instrumentation System —
Robert Green, White Sands Missile Range (WSMR)

Evaluation of Range-Rate Data —
Ball Chin, WSMR

Coherent Data Summary —
Bil! Krabill, NASA

C-Band and TRANET Tracking Biases Relative to Collocated Lasers —
John Berbert, NASA

1330, 5 March

Influence of Range-Rate Data on ICBM Instantaneous Impact Prediction Errors —
Russeil Roy, FEC

Doppler Track Evaluation--Opet.'ationa! Data —
Virginia Fagerlin, FEC

Coherent Sianal Processing Experience at SAMTEC —
Biil Collins, FEC

Comments on SAMTEC Coherent Tracking Data —
Maj Tom Thomason, SAMSO

0200, 6 March
Problems Associated with Development of a Launch Head Range Safety System for
Contairiing ICBM Launches in the Kwajalein Lagoon Corridor —

Stan Radom, SAMTEC

Accuracy Requirements for Minuteman Ballistic Missile Tracking —
Maj Tom Thomason, SAMSC CLASSIFIED

Engineering Improvements for Coherent Radar Tracking —
Renzo Mitchell, RCA

GEOS—C Mission Objectives/Profile -~
Ray Stanley, NASA




1330, 6 March

GEOS~C C-Band Data Handling —
Bill Krabill, NASA

GEQS—C C-Band Operations/Support —
Ben Jackson, NASA

GEQS—C Coherent C-Band Transponder Technical Characteristics —
Alan Salser, NASA

Defanse Mapping Agency Tast Objectives for GEOS-C ~
Maj Larry Bears, DMA

Conference Summary and Group Discussion on *“Where do we go from here?’
0900, 7 March

Meeting of mambers of GEQS~C C-Band Working Group —
Chairman, Ben Jackson, NASA

GENERAL INFORMATION

1. The taiephone number to he used for receiving telephone messages is {AUTOVON 276-6190);
{(COMMERCI!AL 805-866-6190). Telephone is located in the hall immediately outside the
antrance to the theatre in Bldg 7000.

2, There wiil be a military bus available for usa to and from the Officers Club for lunch.
3. Various teiephona numbers are listed below:

Scheduled Airline Ticket Office (SATO}, Rm C-105, Bldg 11777; 734-4381
Vandenherg Motel, Lompoc: 736-5605
Vandenberg Enn, Sgnta Maria: 922-6631
Village Inn, Vandenberg Village: 733-3571
Limousina Service to airport: 736-3636
Airways Rent-a-Car, Lompog: 736-8521
Airways Rent-a-Car, Santa Maria: 922-1994
Hertz Rental Car, Santa Maria: 925-1305
Army Liaison Office: 276-7442/6907
MNASA Wastern Office, SVAFB: 275-3024
Basa Taxi: 276-5711

4. Mail can be received in care of the Technical Director, SAMTEC/CA, Vandenberg AFB, CA 93437
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COHERENT RADAR AS A RANGE AND RANGE-RATE INSTRUMENTATION SYSTEM
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I. INTRODUCTION

US Army White Sands Missile Range (USAWSMR) has nine coherent radars in its
instrumentation inventory. The lacations of these radars were chosen to
provide good geometry when this equipment is used as a range and range- -rate
instrumentation system. The measurements of range and range-rate have in-
herent properties which are desirable for instrumentation purposes. The
magnitude of the errors present in these measurements are relatively in-
dependent of the distance to the target. This paper outlines the prelimi-
nary results of an evaluation of the USAWSMR coherent radars as a range and
range-rate instrumentation system. Two methods of processing range and
range-rate data were developed for this evaluation. The first method de-
veloped inputs range and range-rate from three or more coherent radars and
outputs rectangular Cartesian components position and velocity. The second
method inputs range and range-rate from three or more ccherent radars,
filters the range and range-rate data, performs a2 numerical differentiation
to obtain range acceleration, and outputs rectangular Cartesian components
of position, velocity, and acceleration, This paper includes a description
of the techniques developed and an example of some data processed using the
tachniques.

II. POINT ESTIMATION - THREE STATIONS

In this section, the simple and geometrically pleasing notation of three
dimensignal vector analysis is used. The solutfons obtained here are used
in Sections IIl and IV to obtain start vectors for the Gauss-Newton jtera-
tion for the N-station data processing techniques.

Let 0, A, B be three nonco]iinear points from which measurement of range to
a point P is made. Let R1, 23 R3. respect1ve1y, denote the range from

0, A, B, respectively, to P, and A B, respect1ve1y, the vectors from 0 to
A, B, respectively. It is shown that P the vector from 0 to P, is

-

P

-+ -+ -+
aA + bB + cC, C = A xB , {2.1)
with ‘

3

. 2 -+.+
a = 2[B! lé]g(A B) ’ (2.2)

*Larry Armijo, "Determination of Trajectories Using Range Data From Three
Noncollinear Radar Stations," US Army Signal Missile Support Agency,
US Army White Sands Missile Range, NM, 1960.
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19-72 : ] (2.3)

¢ = =¥ s (2.4)
fc
where
1 ,,2 2 .
o= 3RS - RS+ [A1D) (2.5)
s = ——(R5 - RS+ [BD) . (2.6)

With (agi), agi), agi))T, i=1, 2, 3, respectively, denoting the coordinate

b I

vector of A, B, C, respectively, with respec} tg a+rectangu1ar Cartesian co-

ordinate system with the same handedness as A, B, € and with origin at 0,
(2.1) can be written as

Xy = aagl) + ba%z) + cag3) . (2.7)
Xy = aagij + baga) + caga) . (2.8)
Xq = aag1) + bagz) + cag3) . {(2.9)

where x = (x1, xé, x3)T is the coordinate vector of P.

With P1» Po» O3s respectively, denoting the range measurements from G, A, B,
respectively, to P the substitution of Pys 991 P3> respectively, for R1, R2,
R3,+respective1y, Tets one compute the corresponding rectangular coordinates
of P from (2.7}, (2.8), (2.9).

Differentiating in (2.7), (2.8), and (2.9)

xy = éa%” . Ba.(lz) + &a§3) , (2.10)



jall) « bagz) + ca(s)

Xy = a2, ’
e (1) e {(2) (3)
Xg = aagq + ba3 + ca s

where (from differentiating in (2.2), (2.3), and (2.4))
- RIB[% - sABYITIE
- (A% - aAB)/ICE
= (R, - 4o - B8 - 2 - bE)/(2c[C])
with (from (2.5) and {2.6))
a = Ry R - R2 5

(2.11)

{2.12)

(2.13)
(2.14)

(2.15)

{2.16)

(2.17)

If in addition te P> Po» P13 measurements of range rate, o]. °2’ p3 are
available, (2.10), (2.11}, and (2.12) can be used to compute x1, xz, x3

Differentiating again,

¢ =5l 4 5afd) pwl®

X, = da{" + ba{2) + G@l®

%, = dal™ + Bal® v @l
where

Al

(2.18)
{2.19)

(2.20)




- [aIB[? - 5(A-B)1/[C)% (2.21)

b= [3ja]% - «(A-B)1/[C% (2.22)
I .
.. [2(RRy *+ R) - ad - 204 - as - 8b - 266 - bE - 2¢°|C|°]
c = Rl 2 ] (2-23)
2¢c|C|
and
% = R.R, + R% = R.R, - R (2.24)
1/ TRy = RoRy = Ry s -
2 = RiRy + RZ - R.R, - R (2.25)
1Ry * Ry - RaRy - R3 '

With measurements p1, °2’ p3 also available, {2.18), (2.19), and (2.20) can
be used to compute x1, x2. x3.

ITIT. GAUSS~NEWTON POINT ESTIMATION - N-STATIONS

In Section II, it was convenient to use the three dimensional vector analysis
notation. We now change to a more general notaticn, leading to a systematic
formulation of the Gauss-Newton method for solving the N-station probiem.

Let Ai’ =1, . ..« s N, denote the points at which the stations are
located and a(1), a£1), a§1), respectively, the first, second, third,
respectively, coordinates of Ai with respect to a right-handed coordinate
system, so that the coordinate vector of Ai is

- ({1, afP), o{0)T

A=5’




denote the coordinate vector of P. Let

R=(R]’R2’.'_.;"RN

2

’ (3.])

where the components of R are the ranges from Ai to P, given by

Re= L3 (x - alih22 (3.2)

(Notice that (3.1) and (3.2) give R explicitly as a function of x. We will
sometimes use R{x) for this function. Formulas for various derivatives as-
sociated with (3.2} are given in Appendix A.)

Three problems in point estimation are posed, and their solution by the Gauss-
Newton iteration described. A brief description of the Gauss-Newton jteration
is given in Appendix B.

PROBLEM 3.1

Given p = (91. Pos + = v s pN)T, a vector whose i°" component is a (noisy)
measurement of the range from A1 to P, find an estimate of x.

PROBLEM 3.2

Given p as in Problem 3.1, and 5, an N-vector whose 1th component is a noisy
measurement of the time derivative of the range from A to P, find an estimate
of x and x.

PROBLEM 3.3

Given ¢ and o as in Problem 3.2 and 5 an N-vector whose ith ccnponent is a
noisy measurement of the second time drivative of the range from A to P,
find an estimate of X, X, and X.

The description in Appendix B of the Gauss-Newton estimate is phrased so

as to include these three problems as special cases. For each of the prob-
Tems we first identify the appropriate vectors of the probiem with the vectors
m, u, f. The elements of the corresponding F{u) are then obtained from Ap-
pendix A and the start vector from Section Il.

For Problem 3.1,

m=p, u=x, flu) = R(x) ,




and the start vector, u(o) is obtained from (2.7

)s ., {2.9) with R],
R,, Ry replaced by £1s Pos P3 in (2.2), . . ., (2.6).

For Problem 3.2,

P {x] R0 |
" - PR i T U
LXJ [R(x’x),!

and the start vector, u‘o), is obtained by extending the above start vector

by replacing Ry, Ry, Ry by é], 52, 53 in (2.13), . . ., {2.17) and computing

2°) fpom (2.70), . . ., (2.12).

For Problem 3.3,

]. R(x)

x| » f(u) = [R(x, x) .

'w R(x, X, X)

and the start vector, u(o), is obtained by extending. the u(o) of Probiem 3.2
by means of Equations (2.18), . . . , (2.25).

It is worth noting that for Problem 3.2, the objective function invoives

both p and 5. Hence, i, the estimate of position for this problem depends
on range-rate measurements as well as on range measurements. For Problem

3.3, the objective function involves o, ¢, and p. In this case, x and x,
the estimate of position and velocity depends on range, range-rate, and
range acceéleration measurements. This attribute provides for additional
redundancy in the estimation of position in the case of Problem 3.2, and
position and velocity for Problem 3.3 that would not be used if position,
velocity, and acceleration were estimated sequentially.

IV. RANGE AND RANGE-RATE FILTERING AND DIFFERENTIATION

Measurements of range acceleration are not normally avaiiable from the
coherent radars at USAWSMR. In order to use the estimation technique de-
scribed as Probiem 3.3 in Section III of this paper, it is necessary to
have estimates of range acceleration. This information was derived using
a numerical differentiation technique. We chose to do the smoothing and
differentiation on the measurements instead of the components of position




and velocity to avoid correlation in the error statistics of the data being
filtered. It also permits the use of additional redundancy in the point
estimation process. The filtering process developed makes use of "“a priori"
information. In post flight data processing, it is relatively easy to make
use of "a priori" information and the improvement in data quality is drama-
tic. In processing orbital information, the use of "a priori" information
is a standard practice. Most of the data generated at USAWSMR is from
powered flight ar intra-atmeospheric free-flight. This makes the use of dif-
ferential equations of moticn for "a priori” information very difficult.
Since the process we developed requires that each set of range and range-
rate measurements be filtered, the filter process is not optimal but was
chosen to provide near optimal filtering that also provides computational
efficiency. The process developed during this study is a recursive filter
which uses a cubic spline as the predictor. The "a priori" information about
the trajectory is introduced as a step function for the third derivative.
Integration of this step function is used to derive a predicted trajectory.
This prediction is combined with the measured range and range-rate data to
provide filtered estimates of range, range-rate, and range acceleration.

The filtering process is described as follows.

Let J], JZ' e JM be the set of M steps of a step function that approx-
finate the third derivative profile of the trajectory under consideration.

Let TT’ T2, C e e, TM be the set of time intervals over which the estimated
acceleration rates J1, Jz, e e g JM are used, respectively.

Let 5t be the time interval between data samples.

Let Ao' Vo’ and P0 be the initial values of range acceleration, range-rate,

and range, respectively. The predicted range acceleration is given by

A = d5(t) + A, . (4.1)

The predicted range-rate is generated using

[9,(58)2]
V= —d5——+ A (st) vV, . (4.2)

The predicted range values are obtained using

[0:(st)%1  [A_,(st)?]
P, = —ls ' k-12 + Vk_1(5t? Py s (4.3)

where j =1, 2, 3, . . . , M,




The filter is mechanized to provide estimates of range, range-rate, and
range acceleration that are a weighted average of the present measurement
and a prediction based on the previous estimate and the acceleration rate
profile. The values used for the measured range acceleration are generated
using the equation

. (R, =R )
R, = "(—Gt)k" + 0.50,(68) . (4.4)

The filtered estimates of range, range-rate, and range. acceleration are
generated using the equations

~

Ry = Blu) + (95(68) + BT =) (4.5)

D (1) :

R = Re(wy) + (————+ Ry 1 (st) + Ry )1 - wy) (4.6)

5 ' Ji(at)3 iﬁik_l(cst)2 T .

R = Rk(w3) + ( 5 + 5 + Rk_](st) + Rk-1)(] - w3) , (4.7)

where Wis Wy, Wq are weighting values. These weighting values are chosen

empirically based on the trajectory being processad. The filtering process
just described operates on a series of range and range-rate measurements as
a function of time, while the point estimation techniques described in
Sections II and III of this vaper operate on a collection of measurements
from several stations at a single point in time.

V. RANGE AND RANGE-RATE DATA PROCESSING RESULTS

The techniques displayed in this paper were applied to a set of data col-
lected at USAWSMR on 12 September 1973 (Appendix C)}. The data was col-
lected by three coherent radars tracking a LOKI Sphere. This test provides
a very good radar target. An aluminized mylar balioon one meter in diameter
is ejected at high altitude. Radar is the only instrumentation available

at USAWSMR that can collect data on this target. This Timitation makes
assessment of data accuracy very difficult,

A segment of data 130 seconds long was processed using the range and range-

rate point estimation technique. This data was encoded at 20 samples per
second and then averaged to 5 samples per second. No other smoothing was

A=9




performed on this data. The first 20 seconds of this data contains some
errors. It should be noticed that the errors are not propagated along
the trajectory using this technigue. The remaining 110 second segment
of data is free of ambiguities. This 110 second segment was processed
using the recursive filter to smooth the range and range-rate data and
generate the reguired range acceleration data. A comparison of the
position and velocity data generated by the two processes shows that
filtering of the range and range-rate data did not change these results
significantly. The acceleration data generated is smooth and represents
the kind of accelerations that one might intuitively expect this vehicle
to undergo. Visual comparisons with the range user's single radar data
reduction indicated good agreement, The following table shows the

"a priori" information that was used to obtain the acceleration estimates.

TABLE 5.1 "A PRIORI" ESTIMATES OF RANGE ACCELERATION RATE

: Radar 354 Radar 123 Radar 352
Time Interval R1 (ft/secs) R2 (ft/sec3) R3 (ft/secB)
20 573 .720 ,492
20 1.746 2.937 4,503
20 -.990 -1.701 -2.178
20 -.513 -.666 -1.023
20 ,009 -,063 -.138
10 .120 .126 .018

Notice that the "a priori" information used is simple. Evaluations of
this technique that have been performed at USAWSMR indicate that this
filter is not particularly sensitive to errors in the "a priori" informa-
tion. It appears that the coherent radars are capable of producing

high quality trajectory data when they are operated as a range and range-
rate instrumentation system.

VI. SUMMARY

This paper has presented data processing methods that are applicable to
coherent radar when used as a range and range-rate instrumentation
system. A technique for smoothing and differentiating range and range-
rate data has been presented, This technique permits "a priori" tra-
jectory information to be used easily and with high computational
efficiency. A description of point estimation techniques that can be

A=10




used to obtain rectangular Cartesian components of position, velocity,
and acceleration from range and range-rate measurements is included.

A description of results obtained from application of the techniques
described in this paper to actual flight test data is included. Analysis
of the data obtained indicates that coherent radars are a potential
source of very good gquality trajectory data when used as a range and
range-rate instrumentation system.
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APPENDIX A
YARIOUS DERIVATIVE FORMULAS

Various derivatives needed in the point estimation problems of Section III
are obtained here.

The basic range equation is
3 - .
2 _ _ . {1)42

Successively differentiating with respect to time,

R.R, = § X, (%, - a(i)) (A.2)
i Lo %kMk k ' .
k=1 .
é2+aﬁ=§[§(x-a‘”)+>&2] (A.3)
PERR L DRI % K- :
Differentiating (A.1) with respect to X5 ij, ij yields
3R, 3 .
i_o % (1) -y L al1)
j k=1
BRi
: =0 ) (A.5)
aX;
oR
— =0 . (A.6)
a%s

Differentiating (A.2) with respect to X5 ij. Rj and using {(A.5) and (A.6),

R, . Ry
axj Ri ¥ Ri axj B xj ! (A.7)
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R = %, ~ @
i . J k !
aX;
5R.
ll.l = 0
2
Differentiating (A.3) with respect to x., iJ
and (A.9), J
. aﬁ. aR. 3R,
R, ———+ —— R, + R, —— = X,
79X axg LT i
. aﬁi aﬁi ,
2R. + R = 2X.
Toax, Toax, 3
d d
R aRi = X - a{i)
'| . J J
3%,

From (A.1), . . . , (A.12) successively,

3 .
211/2
R'i = [ Z (Xk - al(<1)) ] / L]
k=1
Re = = T xo(x, - atl)
i Ry ko1 KK k
R, = — 1o { g [x, (x, - a(i)) + RZJ - R%}
i R L k* "k k k i
i k=1
aR. .
i _ 1 (i)
- (X- as ) 3
3xj R.i J J
3R,
.1 =0 ’
% A-13

(A.8)

(A.9)

. Rj and using (A.5), (A.6),

(A.70)

(A.11)

{A.12)

(A.13)
(A.14)
(A.15)
(A.16)

(A.U)




— =0 , _ (A.18)
2%,
aé. aR.

i ] . i

= (x, - - ). (A.19)

axj R1 J axj
3R, :

Ly - AL (A.20)
3 . 1 J

J
3,

—=0 , (A.21)
UXj
X . = R. (XJ - 2R.i % - ax R_]) ] (A.ZZ)

J 1 h|
3R _ . R,

. o(ax, - R, —) (A.23)
5% Ry J Voax

J J
3R,

"1 = R1 (x. = 3(1)) . (A.24)
axj i J J

From the abave formulas, we can form various Jacobian matrices. For example,
with R written R(u) = R(x, X, X), where uT a {xT, xT, ET)T and aR{u)/ax the
N, 3 dimensional matrix whose element in the i

th th column is
aRi/aij, the elements of 3R/ax are given by (A.23).

row and j
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APPENDI X B
GAUSS-NEWTON ITERATION

A Gauss-Newton iteration general enough for the problems of Section III is
described without discussion of its limitation.

Let u denote a p, 1 vector of independent real variables and f, or f{u),
a vector valued function of dimension q, p < 9. Let m denote a q, 1 dimen-
sional constant vector. Consider the equation

m= flu) . (B.1)

u is a least squares solution if 4 minimizes the objective function

T(u) = |[m - f(u)||? = f (m. - £.(1))% . (B.2)
B S

If m is a measurement vector, we will say the U is a Gauss estimate of u
for the measurement m.

The Gauss-Newton jteration is described as follows.

~ D

T(u, 6) = |Im - f(u) - F(w)s[]® , (B.3)
where F(u) is the q, p dimensional matrix such that the element in the ith
row and jth column is

af. afi(u)

1 ( -
J u)'_.....__.__
J 2

au

With u(i'1) a given vector, let 6(1) denote the vector of least norm which

minimizes f(u(i'l), s§). We consider only the case where
s = pDyim - sy (8.4)
where
FuT-I)T o pp U1y Tr (1) 13 (=0T (8.5)
" Aels




With ufo) a given start vector, the iteration is

s = r Dy - i1

)

u(i) = u(i"}) ; d(i) , i=1,2,. ...

If {u(1)} converges, say ta u, we say u is a Gauss-Newton estimate of u for
the measurement m. In computation, a way to stop the iteration must be used.

With u(r) the last computed iterate we use
4 =u-= o)
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APPENDIX B

EVALUATION OF RANGE-RATE DATA

BY

BALL CHIN
Electronics Division
N
Instrumentation Directoirate
US Army White Sands Missile Range, New Mexico 88002
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DESCRIPTION AND USERS MANUAL
FOR THE NR-AM-I KRTLST COMPUTER PROGRAM

I. ABSTRACT. The KRTLST computer program dumps and analyses radar
range rate data recorded at the real-time faciiity. It is a very simple
program to operate and reguires no programming experience to use it.
Anyone who has a legitimate computer project accounting number (PAN) can
schedule runs at the WSMR 1108 Computer B Facility.

II. INTRODUCTION. The KRTLST computer program was written by 0. P,
Kroeger (instrumentation Integration Section) as part of an inter-
organizational task effort by Analysis and Computation Division,
Data Collection Division and Instrumentation Directorate to evaiuate
the existing WSMR radar range rate system.

The KRTLST program uses as inputs the data recorded in real-time at
the Real Time Systems Section's computer facility in Bidg 300. These
inputs are data gathered by radars.transmitted from the radar site via
Lenkurt modems and recorded on analog tape recorded all in real-time.
Either in real-time (or in deferred time by analog tape playbacks)
digital log tapes of the mission data are generated on the WSMR 1108
real-time computer. The KRTLST program cannot be used unless this real-
time recording has been range scheduled and accomplished.

The KRTLST program outputs setup cards for checks, radar data
sampies of time, range, azimuth, elevation, range rate, computed esti-
mates of range rate from range derivatives, differences of range rate
and range derivatives, acceleration, data one sigma error estimates,
and flags of various predetermined errors. Af the end of the data 1ist-
ing an automated written consolidated report of error and re11ab111ty
statistics is furnished.

III. DESCRIPTION OF ALL STEPS NECESSARY TO ACCOMPLISH KRTLST QUTPUTS.

STEP NR 1. Prior to mission, range schedule a real time recording
of all radars supporting the mission., Real-time recordings are only made
on missions which have been scheduled specifically as "real-time trans-
mission and record".

STEP NR 2. Obtain the mission code (FC = Foxtrot Charley, AB =
Alpha Bravo, etc.), mission date, and mission start and stop times if
available.




Obtain “PSL Real Time Playback Request" cards from PSL Input Office,
Bldg 300. Fi11 out request card {see Fig (1A)) with:

1.

10.

[ N v R = T ¥ ; S = T % B L.

Requestor - your name.

Acct Code - your accbunting coda.

Mission - put in mission code.

Program - put in "UNILOG"

Date - ﬁut in the mission firing data.

Phone - your duty chone

Building - put in X in the 300 block,

Timing - put an X in the range block.

Remarks - put "Tog all radars” plus mission start time and
mission stop time if available.

Bottom Line - put an X in the deliver box along with your

name and nearest PSL delivery point.

FIGURE (1A) shows my request for an 1108 computer Tog tape of an
aircraft track mission fired on 14 Dec 73. The mission was Charley
Foxtrot ( FC)

FIGURE (1B) shows my request card after the logging procedure was
accomplished. PSL operations filled in the following:

RE
2.
3.
4,

5.

Analog reel block.

Tape classification block.
Tape location block.

Tape reel number block.

Marked the ID's of the radars available in the input blocks and

their associated computer sub-channels.
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FIGURE (1B) shows that radar R113, R123, R127, R352, R354 and R373
were recorded and the input tape for the KRTLST is labeled W385/42703.
With this information we are ready to set up the deck for a KRTLST
computer run.

STEP NR 3. The KRTLST run deck consists of seven punched IBM cards
and one request card. (See FIGURE (2)) Only two cards have to be
punched for each run. The others remain constant. The two cards to be
punched are:

1. Card Nr 1 - Punch the input data tape location in columns 16, 17,
18, 19. Punch the input data tape reel number in columns 28, 29, 30, 31,
32. For example, FIGURE (3) shows data punch for Card Nr 1 for the aijr-
craft mission designated on the playback request card shown in FIGURE
(2B). (w335/42703?

2. Card Nr § - The data card is the most ccmplicated and is used to
control the radar to be dumped, the portions of the run to be dumped,
and the long or short print control options. ({See FIGURE (4))

Columns 1 to 4 are the easiest. They simply contain the name of the
radar to be dumped. The only allowable characters for the dump are:

Columns 1 2 3

R11

R12

R12

R35

5

9

5

5

R3
R 3
R 3
R 3

- O W N RN W W

Columns 11 to 20 contain the range time of the desired start time
of the run. (Three decimals) _(Example: 67350.000)

Columns 21 to 30 contain the range time of the desired stop time of
the run. {Three decimals) (Example: 68650.000)
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Columns 59 and 60 are an index to be used with Columns 67, 68, 69 and
70 to control specific segments of the trajectory to be dumped such as
first, second, third -- ninety-ninth segment.

Columns 67, 68, 69 and 70 contain a time segment of seconds {0000 to
9999) to be dumped. (Always use in conjunction with Columns 53 and 60.
For example, if column 60 had a "3" in it and Columns 68, 69 and 70 had
100 in them, the program would print only the third 100 seconds of data
on the tape. [f Columns 59 and 60 and 67, 68, 69 and 70 are usad then
the start time {Columns 11 to 20) and the stop time (Columns 21 to 30)
should be blank. (And vice-versa.)

If none of the print time controls are used i.e. Columns 11 to 20,
21 to 20, 59, 60, 67 to 70 are all blank, then all data on the log tape
will be processed.

Column 80 controls short or long print, If Column 80 is "1", only
error flagged data and check prints every five seconds on good data are
printed. If Column 80 is "Q" every processed sample {20 samples/second)
is printed.

EXAMPLES

Figure {B5A). Shows data card which instructs the program to dump all
data on the input tape for radar R113. (Long print)

Figure (5B). Shows data card which instructs the program to dump all
data between times 67350.000 to 68650.000 seconds of the mission for
radar R113. {Long print)

Figure (5C). Shows data card which instructs the program to dump
error flagged data {short print) during the third 200 seconds of data
recorded on the tape.

STEP NR 4. The run request card is depicted in Figure {6). As can
be seen, there are three major blocks to be filled ocut: 1nput, output
and identification. {Be sure and correctiy label alil classification
blocks. If they are not labeled, PSL will not make the run. Do not use
classified input tapes for this dump program because the outputs of the
of the program will become ciassified. As a rule run only data from
unclassified projects.

In the input tape block two tapes have to be entered. The program
tape is always E725/39027 until after Feb 74. Call Kroeger {678-1620)
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for new program tape designations and at four month intervals after that.
The second tape will be the input data log tape you have requested from
the PSL Real Time Playback Facility. The number of cards will always be
seven.

In the output section (under PRINT$) always put N@RM unless you have
changed the deck to get one or more carbons.

In the identification block check R under option block,fill in your
RUN ID, PAN, requestor's name, phone, organization, check Computer B,
put your delivery destination point. The time estimate and page esti-
mate is computed as follows:

TIMING ESTIMATE

1. Four minutes for first 0 to 200 seconds of flight.
2. Add 1.1 minutes for each additional 50 seconds of flight.
3. Round fractional times up when equal to .5 seconds and greater.

EXAMPLE NR 1 - For a 556 second flight..

556 sec .
200 - first seg .} 4 min

356
7
50 e 7% 1.1

TOTAL TIME = 12 MIN

7.7

(]
€0

EXAMPLE NR 2 - For a 320 second flight.

320 .
200 } 4 min

120
2

50 {120 2% 1.1

TOTAL TIME = & MIN

2.2 = 2 min

i
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EXAMPLE NR 3 - For a 1298 second flight.

1298 1 .
500 f 4 min
7098
21
50 [T098 21 * 1.1 = 23.2 = 23
100

———————

98
TIME = 4 + 23 = 27 MIN

PAGES OF PRINT ESTIMATE

Ten pages p1ﬂs one page for every 2.5 seconds of flight data.

EXAMPLE - For 1300 seconds flight.

10 pages 520
520 2.5 113000
530
530 PAGES

IV. INTERPRETATION OF QYTPUT LISTING. The output Tisting has four parts.
The first part is a thrze page computer summary of loading parameters
which includes the tape assignments for checks. The second part is a

one page listing printed by the program giving the data card setup and
the error code definitions. The third part (the longest) is the Tisting
of the data as follows (left to right)

1. Radar name or the error code if an error has been detected. The
following list gives error code definitions.

E100000) = DOPPLER DVES VALTD FLAG HAS CHANGED.

E 20000) = DOPPLER 21PT RAW DATA SIGMA HAS CHANGED,

E 3000) = VELOCITY EEOR G.T. 14.31 F.P.S.

E 400) = TIME HAS A GAP (NOT .05 SEC)DERIVATIVES BAD.
E 50} = RADAR HAS CHANGED ITS TRACK MODE.

E 6) = NOT PRESENTLY ASSIGNED.

E 20050) = ERRORS 2 AND 5 BOTH PRESENT (EXAMPLE).

‘Ball




2. Time - seconds.

3. Time difference - seconds for missing data checks. (This may be
changed later to display AGC.

4. Radar track mode:

S = skin track
B = beacon track
N = no track

5. DVES valid flag: .

1
0

valid flag yes
valid flag no

6. Doppler skin return flag:

yes
no

1
0
7. Doppler COHO beacon flag:

1
0

yes
no

8. Rande - feet.

8. Azimuth - degrees.

10. Elevation - degrees.

11. Second derivative of range {acceleration) 51 pt filter ft/secz.
12. Doppier velocity derivative (acceleration 51 pt filter ft/secz.

13. Range first derivative (velocity) one sigma error estimate
ft/sec. (21 pt filter)

14. Raw doppler velocity error estimate (21 pt filter) ft/sec.
15. First derivative of range (velocity) 21 pt filter ft/sec.

16. Raw doppler velocity ft/sec.

B=15




17. Velocity error (difference between raw doppler velocity and 51
pt range derivative) ft/sec.

18. Velocity error {difference between raw doppler velocity and 21
pt range derivative) ft/sec.

The long print (data card COL 80-0) gives the above information for
each and every point. (20 SAM.SEC.)

The short print (data card COL 80=1) prints only flagged errors (see
1. above) plus 24 consecutive samples prior to a flagged error and 24
consecutive samples past the same fiagged error. Also, during long
stretches of good data, a checkpoint will be printed every five seconds.

The fourth part of the listing is a written statistical report of the
entire run. The basic criteria for most percentages and reliability
estimates are based on the premise that when the radar is in track {either
skin or beacon), there should be valid unambiguous velocity data (with
valid vel flags). The run printout will not commence until the radar
has been in solid track for at least two seconds. The radar reliability
number is based on outages versus skin or beacon track once the run has
begun,

If the computer run aborts, check the last page of your listing for
such things as tape problems, max time, max pages. If either max time
or pages is indicated, your estimates on your run requesi card are wrong
and should be increased.

V. PROGRAM LISTING. For those who wish to know what the program KRTLST
coding looks 1ike, a listing of the program is included.

For those who wish to have deck of the program for thair own purposes
may easily do so. The Fortran elements are on the program input tape.
To punch {on line) the deck during a run place the following cards
directly after the copin card in the data deck: )

1. @PCH,SC TPF$.ROYSA
2. @PCH,SC TPF$.ROYSO
3. @PCH,SC TPF$.L0G

+ }
oL 1 coL 14
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APPENDIX A
REAL TIME PLAYBACK REQUEST CARDS

—————

N satlver Job Ia @

] rhene TAPE LOCATON & NEEL* 10!

- REGUESTOR ACCT. CODE NRD FANGE_OR REQUESTOR 1 D. A3HON PROGAAM
o DAY Ale. rPC. e c ﬁ.
g_lﬂﬂ@ E&Eﬂ‘_ll Bﬂ 1 el by o o MY RAMNDA |
:; l‘- ng‘tl; ! TIME PHONE BUILMNG TIMING LI¥TOFF
" 7 (ﬂ?"“’q‘o N X0 ) 1526 Mnm =) Tare Ct ves [ we
E ANALOG REEL # CLASS[‘UJF IinEUth“ LOCATION | REEL NUMEER [ CLASS | OROUR E:Js["-’tg CLASS SAOUP
5 5 i
ol meuT SURCH INPUT suscH | - insur suscH | [WEMAAKS®
Lo Abl _RADARS
; .
€ ( GlUE MI5S18A FIME S
- ~ (LTRAT=&4TO )
< TeAumiin dos )
o

-

(a1 ~]

ﬁ M &‘w PRL-1000A 2 0

FIGURE (1A)

s b =L

REQUEITOR

WRG

: | iter, €ooe “;ﬁ KT nt:nues_—rogcll 7 c r_u.lsslon ’ PAOGRAM
g.m_&&ez&vMSIq i1 S TN N S Y T VO B S AN MW
S DATE X INE PHONE BUILDING TIMING LIFTOFF
| ! ‘ni .\"r " 613‘“'&5 EY!oo 3T 1328 RANGE 3 TaPE Y ves = NO
S/ ANALGS AEEL e | CLASS[ROUP [QUTPUIT B LOCATION ANE| NUWBER | CLASE | GROUP oUTRUT | oass | GAouP
S MH~Re (U W% 8} 43103
o] ameur | suseu MeuT | suscs | INouT suBCH [REsLARKS |
[g 3 | 1 135wy L e BL) RADARS
Ny | v 3q3ly
“Aa1] 1
d35%1 V3

] rhone TAPE LOCATION B REEL ¥ te:

R elivar dob o : R‘ QLD Clvla) M Al s s

FIGURE {1B)
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SAMPLE DECK AND REQUEST CARD

I
]
WA 1 le7nucLiBl]eabdoe ), | 1 (! % | 14 1 ! “.,’-—.-.',-.—.;l;'. ["“-

O A LG I I Ty YO F LY NV EE Y LY E T

HERENEHEA TR T TLL [ ETEEY
B FREE 1 FHiAM, ] T
3 L'r__l_u_rT'ln'um'._-"#'i I Y A TR

| Cul i B PN, . Ph. KPFAL ! 1
TR 20 (XN |Olt:.ug-ul-lri|l|l xn:u:n-pz!u-l.u.- XTI

7 =, |_-\55n| FE PNy 1T F L ipax7!
B 30 L L 2 COA Y V)

_ ! L_J .I H
t:L“ MR KN _ 3

A5G0 1] ¢ Bail
I-i_'l_.;—-l—l-l Taringaams -*

Ia LI [ L Ju
F J"E?.Tl'r'i|"u'.|uanuliuuunuuuuu,ununanln
L T IIIIII‘II Idllllli lll.ll"l!licsullhllﬂl LR L LLE LAY []
:;1In;lu-|nn|1:.1']1ann:|1f|p||||1u'||n:nimu !
nnznlznmv zzzzunnu zzlzlu:nzlxzzuu-un:u
:[: 1131333 :lnu*:ln:lnnl:-:n:lj:Ju::lz.-:lnaluJu-:

IR I

[ ||1|

Y 'r-l‘il!llt Icl " ‘ln!l’ﬂln!n

ensvareah st eafifis s
::.zulz:zn.::zrln:zuuuu
CRERNNEE £:E) M :::.:uln
[ If rl ,l b

SEULALL PURPOSE & FiLo

[N T INETY)
= T
FRRA L PR o 37 ﬁff’f
oW/ 3gs Fano3y ! , Lo . o :ulu {n:il
: - hEEE R | famin
:g: - - ,..,-: I 3‘:5{:‘?0 |
3 - ' NR=AM-T |
SR £ 1
D m"“—a—a.
T

FIGURE (2)

B-18




INPUT TAPE ASIGN CARD
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DATA CARD ({PROCESS ALL DATA - LONG PRINT)
FIGURE (5A)
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DATA CARD (START & STOP TIMES - LONG PRINT)
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DATA CARD (PROCESS THE THIRD 200 SECOND INTERVAL ON THE TAPE - SHORT PRINT)
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"5AysROYRA
=0l /23/74=11158354 (,Q)

UNPACK ENTRY pOINT CO0415

D! CODE(1l) QOQ%277 DATA(O} DOps3z4; BLANK CUHhONlZI apaoos
ICKSS

Qop3za
f 00004
'ATE DDO132
00o0ga2

FERENCES {BLOCK, NAHKE)
“AN .
us

2%
R1S

[GNHENT (BLOCK: TYPE, RELATIVE LOCATION, NAHE)

Dlc 10L pogl 0QQisd 110L ' aoal coQI7ée iaL

1327 1281, 00pt pooolLlE §SL cool 200107 155w

946 304 aap! onocoS53 ast "~ pboo 006256 BAF

‘037 1A Q004 | J0GD0Z ICONTR cocd 1 coDiTL (D

264 11 0000 1 004245 11BR T 0004 | J0000F ILIFT

901 (R coQ3 | 000133 IRD o000 | CD6242 1RSTAT

‘074 IVALIS 0005 I nOO0DD IvALID ~ Op0S | 00CD3s TVALIS S

255 ¢ ao000 1 OCe25% LCODE 0000 [ 006256

260 NORAD 0COo4 1 COoO00Ql PARITY Q086 R QEGGOL! sKIP™
SUBRDUTINE UNPACK @ SHORT FORM

COHMON/ZINT/THIRIIO) 2 1AC301,TE(30) v 1RDT30Y 5100300, 17Q3a)15TAT(30)

COMMON/EOFF/ENDFIL yPARITYY  ICONTRJLEIFT
COMMON/FBRATE/IVALIOLID) s IVALIS(IO) , IVALIB{3D)
CUMMON/NKK/KK  5KIP

DIHENS]ON TAPREC{3ZaY)

INTEGER ENDFIL ,PARITY

DATA N/D/PARITY/OQ/

DATA IONES/OT777777400000/ H)é pATA BITS,

DATA MASK/0777740000Q400/ AR113 0cT 73
IF¥ (ENDFILWNE.O} GO YO 10
1F (PARITYSNE.D) GO FO IS
IF (NsGTWD) GO TO 35

10 ENDFIL = O

cagl
gqaoat

goos [

ogeo |
aoad

cog3 I
J0040 1
opco ¢t
agoi R

b1l WA
pGoole
gooogc
062462
006277
00pzas
0Ga257
0042583
népodo

ONE 3[GN

CALL NTRAN (2,10} IPOSITION TAPE TO LOAD POINT

IS PARITY = O
20 N = 0 « B=22

L20L
0L
ENDF |
ipT
iNJPs
iSTAT
fwg
BAGK




[aNaNaNalsl

30

35

APPENDIX B

CALL NTRAN{(2,2,329]1,TAPREC,LCODE)

CALL NTRAN(2,22)

IF (LCODE«GT«]) Go TG 30
IF {LCODE«ESe=3) GO To 1140
1F (LCODEsEWe=2} &g TO 120
ICONTR = BODL(TAPRECI(]})
L=2

M = 0

N = N « |

IF {N«eGT+20) GO TO 20

IWCEFLD(18,18,TAPRECIL))
ILIFT= FLDI{O,6,TAPRECIL)!
NORAD = {lwC=11/5
T=TAPRECIL+1}/1000D,
DO &0 =] yNORAD
IRSTAT = BOQL{TAPREC{M+4))
IDT = FLD(ZU.?,IRSTAT)
Il = [DT+!
IF{IleGTadn)
IF(IDT+EQe44)
1IFLIDTCEGed4D) [I9ZS
IF{IDTLEQe4l )} [1=25
IF{IDT«EQe42)]11m]5
IF(IDY+EQed47)II>]6

Iy = 2g
[1=14

RREAD 1| PHYS1CAL RECORD

RRECORDL OK :

WTEST FOr BAp RECORD -

RTEST FOR E0f

WCONTROL WD QWRAD, LEMET s 22RAQ+MET

BNOs OF RADARS PER LOGICAL RgC

tw RADAR 394
°® R350
W R351

@ RADAR 352

wsRADAR 3934

ISTAT IS A NEW STaATUS WORDs EXAMPLE 025007010330, 0250 =
ALT*SYNC, B7 = COMFes COUNTER, Ol = RUN NOQOey Q3 & TGT NOe,
Jp = SUBCHANNEL NO
FLDUS 8+ ISTATLLII)) = FLDIU1248,IRSTAT)
FLDU12,6,ISTATIILI)) = FLDié&yb,IRSTAT)
FLD({21,34ISTATI(II)) = FLD(O,3,IRSTAT}
FLD{27,3,ISTAT(I!!) = FLDO(I23,IRSTAT)
FLD(30,&4ISTAT(II}) = FLD{6,68,IRSTAT]
I1D(IT) = 1DT [ RADAR D
IR{TII)Y = FLD{12424,TAPREC(M+5)) ® RANGE
IACIT) = FLDUJZ2,17,TAPREC(M+s)} R AZIMUTH
IE(TII) = FLD(12,17,TAPREC(M+7]) @ ELEVATION
IRD{II) = FLOU(13,23,TAPREC{M+8)) W RANGE RATE
ITA(II)= FLO(33,3,IRSTAT)*]4 ANOV73I FOR MPS3s
IVALID(IIY = O A NOV73 FOR MPS3é
IVALID(ITIIEFLD(32:5,IRSTAT?
IVALIS(IL)=FLD{(31 sl ,IRSTAT]) @ DOPPLER SKIN FLAG
IVALIBUII)=SFLDU30s1,IRSTAT) m DOPPLER BEACoN FLAG
IF{IT«GTe8) GO TO }18 M MPS 3& NOV 73
GO TO (21
1168 CONTINUE
IFIFLO({129] 2 TAPRECIM+B) }oEGQel) IRD{I[I}a IRD(1]}eia]l)
au FORMAT(2(1X,012))
119 CONTINUE
GQ Ta |24
FPS |6 NEG RDOT NOV 73
121 CONTINUE )
IFIFLDC12y]1 s TAPRECIM+*8))) 12731284127
127 IRD(II)= IRD(1]1=]

IRDUII)I= QR(MASK,IRD(I[)}
B.23




. fm‘l
C FPS 14 NEG ROOT WOV 71

128 CONTINUE

C TiMy SKIP
IF{TsLTaSXIp) 50 To 3

I1BK= FLD{O36,1IRSTAT) W HOUSLKELPING
IFIUIT+EQeKK]) ARITELS,84) [IBKs liBx w HOUSEXKEEP NG

3 CONTINUE
q = Me+G

60 CONTINUE
H-H-l-z

BG L * L+InCe+]
RETURN

116 PARITY s LCODE @ SET FLAG FQR PARITY LKROK
CALL NTRANIZ?,22)
RETURN

120 ENOFIL = | W SET END OF FILE FLAG
RETURN '
END

COMPILATIONT NN DIAGNOSTICS.

. B=2b4




e

1040 IRAD 00o4 1 pBO133 8D gn00 1 0Bl1i32 |KSiG oooo

154 [RULN 0opd f ©nli3d5 jsSPTS gpos 0002465 |STAT 3002 ogol2 170
202 17EST 0003 1 0032149 TIME: gno4 | poo227 3 [ cOooll TR
1217 1umlo 0oo3 ! 003215 1uMé ooG3 1 o I 000078 [vaL)]
1W3s [YALLS gogeo I 901130 (VvMEG ng08 [ o0l 0Qo0 | 001156 U

187 K 00p0 1 00Ll14D LU on0 163 NPOINT oaeS [ 000001 PaARIY
1852 RTULG 0Qo0 R Q015! R 601212 SsDREL 0003 000032 spvLi
1027 SIGRr2t 00p0 R 001147 0000 R QOOZ23 sPRY 0Oc0 R 001213 SRRE
176 1 gouo R opg00 R oDl207 TF 00p0 R 0OD1162 T
1G4Y TLIFT T35 TSTART 0003 R Q0O036 TSTOP 0003 R 00pO2! VEL
2006 VLPR nol121é vppP gn00 R 001215 xpER 0000 R COL116&5 XRAW
1060 2

COMMON /MAIN/ JERR,ZIE(&E)y TIN,DTLITR,ITOI3),ITO3ReA0EWVEL,

IDRS | +DR2ZL P VELZ2L yDPDRSL ,DVELZI ySIGR2]1 45G0R21 ,SYEL21,50VL2],

ZDELS1 +DELZ]1,TSTART yTSTOP » INAM, [RAD [ MODEL3) yTLIFT,DELT

SBUFF L2081 ), INAME(P) J ICHANCS) yITIME, IUMG,1UM?,1UM 0D, 10PT
COMMONZINT/Z IR(3Q)IZIA(30N 1L L0 2IRD(30) 4107204 Te(301,IS5TAT(30)
COMMON/EQOFF/ENDFIL PARTITY y ICONTRYILIFT
COMMON/FBRATE/IVALID(30IYALIS(30,I1VALIB (A0}

DIMENSION FINVAR(8])

DIMENSION HOLDIZ2y4,8}, IPT{(2)

DIMENSION SPRI(18,29)

INTEGER ENDFIL,PAR]TY

DATA IMQDE/IHB,HS,1HN/

DATA INAME/4HR]1J34HR]23+4HR] 27 ,49HRIB4,4HRISZ 4 4HRA9Iy4HRISU,4HR3B,
|‘+H /

DATA ICHAN/A2:5,8414,15,16425,26,30/

-

IPOSPT=D R COUNTER OF POS VEL PoINTS(GT 00 FPS5)
{NEGPT=0 M COUNTER OF NEG VEL POINTSILT 100 FPS)

1VPOS =( @ yALID POS DQPP

1VNEG =0 @ VALID NEG DOPP

10S1G=p

IRSIG=Q

INNN =0 @ RADAR [WTRACK IMUST Bg oT 50 FOR PROGRAM To RUN)
INPTS=Q fx NUMBER OF POINTS PROCESSED

1SPTSa( 9 COUNTER FOR DOPPLUER SKIW ReTURN PEINTS

IBPTSag W COUNTER FOK DQPPLER COHO BEACON RETURN POQINTS
1DBF 1=Q @ DATA 1s BAD ByT FLG SAYS GOOD
1DGFOap W DATA IS GOOD gUT FLG SAYS BAD
1KPEQD

IPTCE=Q

1PTC=0

IPTCBaQ

100P =0

100P2=(

IPT{1I=2]

IPT(2]1=5]

READ{S5,2002) INAM,IUM&,TSTART JTSTOPDELT»TLIFT2lUMIO+ITIMEYIUMY s
110PT

WRITE (6,213
WRITE {6,214}
WRITE (6,212)
WRITE {6,215) [NAM .
B-25




C
C
c

3000
igg!
ipnz
ang3
3004
gQs
3004
agn?
3g08

WRITE (6,2148) TSTART

WRITE (6,217) TSTOP

WRITE (&,218) DELT

WRITE (6,212}

WRITE{6,220)

WRITE({&,221) 1UMIO,ITIME

WRITEl64212)

IFLIOPTSEQeD) WRITE (6,223)

IF(IOPTeEGsL) WRITE (6,222)

IFCIOPTsLTs0a0R«TOPT+GTel}l WRITE(6,4228Y

FORMAT({558H THE FOLLOWING LIST GIVES ERROR CODE DEFINITIONS.
FORMAT (55K g1000D0) =OQPPLER DVES VALID FLAG HAS CHANGEDSs
FORMAT(SSH E 2p000) 2D0PPLER 21PT RAW DATA SIGHMA HAS CHANGED.
FORMAT[S55H 30001 sVELOCITY ERRQOR GeTs 14431 FePeS5a
FORMAT [S55H E 500} uTIME HAS A GAP(NOT .05 SECIDERIVATIVES BAD
FORMAT(55H E 50} sRADAR HAS CHANGED ITS TRACK HODE,
FORMAT(55H E &) =NOY PRESENTLY ASSIGNED.

FORMAT{SEH

FORMATI55H E 20050Q) wERRORS 2 AND 5 B80TH PRESENTIEXAMPLE)
WRITE(&s212)

WRITE(G4300R)

WRITE(&,3007}

WRITE(6,3001)

WRITE{44,3002)

WRITE(4,3003)

WRITE{4,3004)

WRITE(4,3D005)

WRITE(6,30068])

WRITE(4,3007)

WRITE{430081}

WRITEl&6,3007)

WRITE{64213)

WRITE (&,225)

WRITE (84,2256}

WRITE (4,227}

WRITE {4,3050!

WARITE (4,225)

m
LI e e T

FROM DATA FARDS COMPUTE RADAR ID FOR UNPACK AND SET rtAGS.CONSTANTS

DO 1 Im]l,?

I1IRR=ICHANI(]}

IFCINAME (1)} .EQeINAM)GD TOD 3

CONT INUE

FORMAT{99H THE RADAR SPECIFIED ON THE DATA CARD 1S NOT CATALOGED ,
15 A RANGE RATE RADAR IN THIS PROGRAFW STUP.}
WRITE(&»212)

WRITE(4,212)

WRITE{6,42)

WRITE(6,212)

WRITE(as212)

STOP

CONTINUE

SCALE = 3,]4159265358979300/ {2 o8 weé5T " F ANGLE "TH RATTANS
RTDRG = 57.2957795131 @ ANGLE IN DEGREES

IRUASTSTART»IQOU«*TSTOP® 1000,
IRUN=IRUA + JTUMIO*ITIME
* Ba2G -




C

IRUB=IUMED> [TIME

C SHIFT DATA HOLDING ARRAYS

C

[alalRal

s NalalaNakal

100

10
29

ag
40

LOAD

LS
Y4q

THE

DO 201ul1.:8

DO 10J=},80

Kn Je+l]

BUFF(I J)=BUFF{] 1K)
CONTINUE

Do 40i=1,7?

K=l1+8

p0 30J=|,40

LEJ+]
BUFF{X,JI 2B FF{K,L}
CONTINUE

INPUT VALUES FROM REALTIME LOG TAPE

CALL UNPACK W BUFF{I1+81) = NEWEST PO[NT

BUFF(5,81)= =100.0 B TRACK MODE NEGATIVE= NO TRACK
ITQ{IIRRISITR(IIRR)I =16 .

IF{ITQIITRR) «EQeH4}IBUFF {581 )840 B TRACK MODE !S BEACOWN
IF(ITQ(]IRRI+ER+IIBUFF(5,81)=34D ® TRACK MODE IS SKIN
BUFF(!,81)=|RI]IRR) B RANGE YDS
BUFF{1,81)=BUFF{1,811%3.0 @ RANGE FT
BUFF(2,8]1afRDIIIRR) B RANGE RATE

BUFF (2,81 )=BUFF(2,8])1+.0075 5 RANGE RATE IN FePeSe
BUFF{3,81)=1A(LIRR) @ AZIiMUTH
BUFF(J3,81)=BUFF(3,8])» SCALE @ AZIMUTH IN RAD!ANS'
BUFF{4,81)=IL({]IRR) B ELEyATION

BUFF (4,81 )=paUFF{4,8))* SCALE M ELEVATION (N RADIANS

Z=Z=,0%0

BUFF(1Sy4])j=Z=2.0
BUFF{&6,81)=IVALID{]IRR)
BUFF{7,81)=g00L(IVALIS(IIRR})
BUFF {8481 1=B00L(TIVALIBIILIRR)Y

IF(IRUNSEQQ) GO TO 440 ® [F TRANSFER, PROCESS WHOLE TAPE
IF{IRUBEQR.n) GO TO 44} @ !F TRAMSFER,USE TSTART & TSTOP
IFIIUMIOsLT.2) GO Ta 440 @ IF TRANSFER.PROCESS 15T jTIME PTS
ITST s(lUMIO=]}e(ITIME=20]}

T00PI=]00P]+! @ SPACE TAPE OVER |ST N ITIMES
IF(]00F1«LT+1TST) GO TO 100

IRUN=Q

GO TO 440

IF (BUFF(15,41)+LT.TSTART) G0 To 100

{RUN=(Q

CONTINUE

FOLLOWING TEST DOES NOT PERM]T RUN TQ BEGIN UNTIL DATA ARRAYS
HAVE ENOUGH IN=~TRACK RADAR DATA TO INITIALIZE F]JLTERS
{51 CONSECUTIVE POINTS IN BEACON OR SKIN TrRACK)

IFUINNN+GT«500G60 TO 1002
' Be27




H OO NN

NAanNnOn

la el

iTICw

1001

l1gae

43

42
41

INNN =g
006 D0t 1=} ,5¢

J= 1+15

JFLBUFFIS)J)eGTs0a0) INNN=]NNN+]
CONT I NYE

Ti= BUFF(iS.41) @ START TIME OF FUN
60 TO 100

CONTINUE

SMOOTH RANGE AND RANGE RATE USING 21 AND S! POINT SMOOTKING

DO 41 y=is2 B FIT 2ZIPT THEN S1PT

NPOINT = [PT(])

DERKEY =140

DO %2 =142 R FIT RANGE THEB RANGERATE
DO 43 gk=1,3] W LOAD RAW DATA (81 PT ARRAY)
FINVAR(KISBUFF{J4K)

CALL LLL LLS IS AN UNCONSTRAINED LEAST SQUARES, 2ND ORDER
MOVING ARC FILTERs IT 1S COMPLETELY COMPATABLE
THE THE STANDARD WSHMAR DATA REDUCTIOM VAA PROGRAHM,.

CALL LLL(NPOINT ,DERKEY,FINVAR, XRAW 1 X5M,51GX ,0X5M,pS1GX,DDXSM,
IDDSIGA,CVAR)

HOLDL L g0y L)mARAW @ RAW MID POINT VALUE
HOLD{!,Jy20imiXSHM v SMOOTH MID POINT VALUE

HOLD( [ ,Jy3)=DX5H @ SMOOTH MID POINT 157 BERIVATIVE
HOLDI([,J %1 mDDXSM B SMOQGTH MID POINT 2ND pERIVATIVE
HOLD(! ,us5ImSQRTISGX) w SMOOTH MID POINT | S}gMA ERR. EST,
HOLD (], Js&1uSQRTIDS]GX] @ 1ST DERIVATIVE 1 SIGHA ERR. EST,
HOLDI(I ,Jy7)=SQRT(DDSIGX) W 2ND DERJVATIVE ] 5iGHA ERR. EST.
HOLDU!,Js81= VAR W YARITANCE OF THE TOTAL CURVE DATA
CONTINUE

CONTINUE

LOAD INTD ©DATA BUFFER ALL SHOOTH DATA, FLAGS, AND VARIANCES '
THAT ARE Tp BE SAVED FQR A TW0O SECOND INTERVAL «¢sUSEp FOR PRINTFEDLT

BUFF(9,41)= HOLDCtZ:l 4} ¥ RANGE ZNb DERIVAYIVE " SIPT
BUFF{10,4! ) sHOLDI{),243) @ RANGE RATE DERIVATIVE Z21PT
BUFF(11 41 %HOLDIL196) @ RANGE I1ST DERIV, SlgMa 21pPT
BUFFI12,41sHOLO(1,235)7/43279 & RANGE RATE SIGHMA 21PT
BUFFI13,;41F=HOLD(Z,]4¢3} @ RANGE 157 DERIV. = BIPT
BUFF{14,4]1)m HOLD!Y,242) M RANGE RATE ({(SMgOTH} 21PT
TEST ERROR PRINT QUTS AND SET FLAGS

1E{li=g

THE TEST FOR EGUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL,

IFIBUFF (4,401 o NEWBUFFLSs31))[E(1}=I00000 W HAS DOp FLAG CHANGED
1E(2i=p
IFIBUFF{12,41)eGTele2) IE!2) =20000 WVEL SIGMA GT 1e2 FPS
IE(3)=(0
TEST=ABS(HOLD(2+193)=HOLDI1322,1))
IFITEST«GT{4«3)) [E{3)®3000 WYEL ERRUR GT "j4e¢3] FPS
TEl4) =g

B-28




STICe
C
C
c
C
C
C
C
C
C
C
C
C
c
C
¥ ¢
C
C
C
c

TEST= ABS(BUFF (1S4 )=BUFF{l5,401}

529

IFITEST 0T aa0bs0RsTEST LT+e045) JEL4)w400 & TIFE GAP ERROR TEST

JE(5)=Q
THE TEST FOR EQUALITY SET&EEN NOH=INTEGERS MAY NOT 8 MEANINGFUL,

JF{BUFF(5s4r ) «NE«BUFF(Ss4l1} TE(5)=50 = RADAR CHANGED TRK HU

1E{érag w NOT ySED

FLAGS FOR ERRDRS PRINTED Gn THE OUTPUY LISTING IN THE FIRST
COLUKN  ARD WILL APPEAR A5 FOLLOwS (OR [N (COMBIMNAT]IONS)

JIERR=Q

IERR= JE(I)«lE12)+lEL3}+TE(4)+IE(DI+IELS)

BUFFI{17,41) = JERR
tiagdon ) * DOPPLER THACK FLAG HAS CHANGED
EG200Q00 ) = NOPPLER ] SIGMA GeTse le2 FPs
Lau3opC } = VELOCITY ERROR GeTe 1443f FPs
EOQD4%00 1} = TIME HAS 4 GAP =~ DERIVATIVES 340
EQUDOSO ) = RADAR HAS CHANGED TRACK
£0g0006 ) = [ FLAG HgQT USED )
£0z20050 ) = ERRQRS 2 AND 5 ARE B0TH PRESENT

THEUFF (| 5341=TLIFT

DT®BUFF{15,40)=8UFFLl5,41)

IF(BUFF(5,4]1)4GTela} [TR= [mMpDE(2) % SKIN TRK
IF(BUFF (5,41 )eGTels) [TR= 1HGDE(L} v BEALON TRK
[IF(BUFF{%34]1aLTeDs) iTR= IMpDE(2) m NG TRK
ITO(] }=BUFF{&,41] @ VEL MOpE

ITD{2=BOOLIBUFF(7,41))

1TD(3)=BOOLIBUFF{8441))

REBUFF{1441) W RANGE FTo

AZBUFF (341 )e RTDG @ A2 bEaG

E=BUFF{4,41)% RTDG % EL nEG

DDRSL = BUFF (9,41 @ RANGE ACC
DEL21 = BUFF(]1D2,4}) m vEL ACC
SGDR2(= BUFF(1l144]) ® RVEL 1516
SVELAI=BUFF(L2,41) T POP lsig
OR21 =mBUFF{13,41) ® RANGE VEL

VEL=HO D121}

OEVZ1 =HOLD({141,3) = HOLD(1,24+1) % RCOT= RAW VEL
DEVSL ®HOLO(Z:193) = HOLDU14251) W RDOT= pAW VEL

INPTS=NPTS*]

IFLBUFFIS+HL1aLTe0s) GO TO 23010 W ONLY COUNTERRQRS RADAR INTRACK
TEST COUNT FOR GGOD DOPP EITHER APPRUACHING OR LEAVING RADAR
COUNT MA:E QNLY FOR VEL GeTe ABS(100 FPS}

IFIABS [HOLDI(Z,1,3)).LT410040) GO TO 556 1o IF TRANSFER CIRCLING

IF(HOLD(Z1 231 e L. Te=1003) GO 7O 557

IPOSPT=1POSPT+! 3 TARGET RECEEDING

IF(ABSIDEVS1) oL Telta3 ) IVPUSSIVPOSY] i TARGET RECEEDING

60 TO 56 w TARGET RECEEDING

557 CONTIVUE w TARGET APPROACHING

INEGPTa[NEGPT+] w TARGET APPROACHING

IFLABS (DEVS1}+LTelusIL)IVNEGRIVNEG*+] m TARGET APPHOACHING




[ala]

o

<

55¢

TES

*

CONT INYE
IFL1TD(2)eEnal} 1SPTSE|SPTS+] 9 CDUNY DOP SKIN PTS
[F{ITD{3}sEWe!l) IBPTSaIBPTS+!} W COUNT DUP CpoMHQ FTS

IFIBUFF{11,441)+LTe&.00) IRSIG =IRS1IG*L
IFIBUFFI1248])4LTs120) IDSIG =IDS{G*]

ERROR WHEN DATA 15 BaAD BUT DVES VALID SAYS IT5 40D

IFLABS (DEVS [t eGEwl %431 o ANDaLTDCL ) 0EQel) IDBF =[5BF 1w}

TEST ERROR WHEN DATA 15 G000 BUT DVES YalLlC SAYS [TS oAD

aglo

as2

IFLABS(DEYS 1)L Tel4,31sANDITDI1)eEQeD] IDGFO=IDGFO+]
CONT I NGE

IFULOPTSNES L) 4O To 399 W SKIP PRINT ERROR ONLY LOGIC
DO 350 JJml,24

JElegg

DO 35| I=1,18
SPRICL,JJI=SPRT{] 40

CONT INWE

SPRI1(1,2%)=BC0OL {TERR}
SPRI(2,2%)aT

SPRI(3,25)=DT
SPRII4,25)1=80CL(ITR}
SPR1(S,25%)=28C0LITOtL1}1]
SPRILS,25)=800,(ITD(2})
SPR117,25%)=2200L0ITCL3})
SPRI({S,25%1=R

SPRILF,25)=A

SPRI{1Ds25)%E
SPRI(I1+25)=DDRE]
SPRI{12,25)=DEg 21
SPRI{13,25¥=SGDR2!
SPR[(14,25)=5vELZ]
SPRI{15+25)=0rR2]
SPRI{les25)=VvFL
SPRIT174y25)=CEY2])
SPRI{18,25)2DEYH]

IKP=tKP*]

ITEST=Q

DO 352 |=|,25%

ITEST=ITEST +(ROOL | SPRItL,1))}
IFLITESTWES0) GO Tpo 2198 B NO ERRORS
IKPx g

ITESY =1 TEST~{800L(SPRI{1,2%11)}

IFUITESTNELO} GO To 399 FIF TRANSFER,PREVs« 25 ALREADYDUHMPEp

DU 353 [=],25

TERR= gooOL (SPRI{1,1))
T = (SPRII2,11))
DT = (SPRIt3I, 1H)
ITR = BOOLISPRI(4,1})
ITD{1 ) B300L(SPRI(G,1})
ITDLD LeBOOL(SPRI{4,1})
17T0(, )=300LI{SPRI{741))

DUMP
PREVIQUS

25

Loioaodad

B-30




385
3%¢

393

399

440

48]
ive

5C1
5!._|-_'

kJaly)

443

L 2-¥4

—

R = SPRIIB4]) é DATA

A 2 SPRI{F,1] ]

E = SPRI{10,]} @ POINTS
DDRSY = SPRItLEG,ID)

DEL2Y = sPRI(!2,1}

SapR21= SPRI(13,1I?
SYEL2]= SPRI{1%,1)

cR21 = SPRI(1S,I[}
VEL = SPRitle,Il
DEVZ2! = SPRIILZ,!)

DEy5] = sPRI{18,1)

IFITERKEQs2? 4C TO 355

ARITE (6320001 JERR THDTHITRAITDU1 o1 TDE2),1T0(A) )Ry AYESDDRB] 2DEL2
¢ SGURZLJSVELZ21 ,D92]1,VEL +OEVSS ,DEVZ]

GA T a5é .

CONTINQE

NRITE 6220000 [NAMyTHLToITRITDLEI I TD(2Y 01 T0(3) sk sAre 1 DORSLIDEL 2]
ySADRZIWSVELZI DRI ZVELIDEYS] ,DEVZI

CONTINUE

CONTINUE

G0 TG 398

CONTINUE

IF(IERR+EQ+D) GO0 TO 460

WRITE(&12000) [ERR,TOToITRIITOTLI 4 ITDU2Y ¢ T0(3)yR1A1EDDRS14DEL2Z)
ySGOR2 | 9ySVEL21,DR21 ,VEL0EVE],DEV2I

GO TO 481

CONTINUE

WRITE(602001) THAM TeDToETRIETOCL I ITDI2) 2 1TOC3 ) vRIAVEADORS14DEL2Y
s SGOR211SVEL2] +DR2] W VEL»DEVST,DEV2]

CONTINUE

CONTINUE

IFIINPT+HNES1] G2 Tg 501

IFUIKP.LT«100) GO TO 500

WRITE(&y20G1L Y

ARITE(6,2000) [NAMTIDToITRAITDLLI»ITD(2)41TDt3)sR+AIEIDDRE19DELZ)
1 SGDR2| )SVEL214+DR21,VELDEVS],DEV2]

GRITE{64+2001)

IKP=0

CONTINUE

[F{BUFF{S,41)LT«B, G0 TO 300

[PTCEIPTC| % 70T N0 PTS CCUNTER
IF{IERRWNE«G) IPTCE = IPTCE +) @ TOT ERRCRS CQUNTER
IFUIEL3) eNp«Q)[PTCEB= [PTCB *+§ 9 BIAS ERROR CQUNTER
CONTINGE

IFLENDFILWEGe1} GO TO 4462

IF{ITIMESEGaCeANDeTSTOPsLTs1+0} GO TOQ 100 SIF TRANSFR CONT+PROCH
[FUITIMESLEGsD) 53 TOo 443

ITST=ITIME=20 R PROCESS allL REQ, JTIME POINTS
100P2=100P2+1

IF{IQOPZ+LT«ITST GO TO 10U

G0 Tp 4ue

IFIBUFF(1Ss41)«LTe TSTOP) w0 TO 10D W PROCESS To TSTOP
GO0 TO 449

ONTINUE

CONTI B-31




449 FHUM = JPTCF* 1RO ]
FDEN = IPTC A
ERPR = FNUM/FDREN ®
FHUM = [PTCBs (0 3
VLPR = FNUM/ZFDEN g

WwRITE(s:213)
WRITE(&6:2102) INAM
WRITEL6,212)
ITFEINNNLT S 4RITE (6.,4500)
4300 FORMAT{55H RADAR NEVER SHOWED BEACON
TF= BUFF{15,41)
WRITELA,4501) TI.TF
450 FORMAT(148H START OF RUN=Z,FID.3,14H
WRITE({A12121)
WRITE(A44502)1PTC

CALCULATE
PERCENTAGES pf
TOYTAL ERNKQORS AMD
BlAS ERAQRS

AND PRINT

QR SKIN TRACK = NOQ DATA ]

1END OF RUNE,FiQ+31)

4502 FORMAT(37H NO. OF POINTS OF IMTRACK RADAR DATA=, 10}

4503 FORMAT(37H TOTAL NUMBER OF RAps PTS,
WRITE (4,3007)
KRITE(4,4503) [NPTS
WRITE{a,212)
WRITE(&4+450) ERPR,YLPR
WRITEl&,2121)
450 FORMAT{22H FERCENTAGE OF ERRORS=,F5,
1SED DATA®,FG4])
HRITE(44+3007)
FNUM= (DBFtls]l(00D
EDBF | ®=¢NUM/FDEN
FNUMa [0GFC*iQ0
EDGFUSFNUM/FDEN

PROCESSED=,110}

13684 PERCENTAGE OF B,

3051 FORMAT({42ZH PERCENT sGE OF INVALID DVES /G000 DATA = »F5,.,1)

3012 FORMAT(42H PERCENTAGE OF VALLD DVE
WRITE(a,30L1) EDGFQ
WRITE(a4,3007)
WRITE!&,3012) EDBFI
WRITE(s,212)
WRITE(44+3007)
SDREL =([D51G»:000) /I1PTC
SDREL ={SDREL/13+0}++05
SRREL =(IRS!Ge1000} /[{PTC
SRREL ={SRREL/10:0}++05
ARITE (&6,4508)SRREL
WRITE (64,3007
WRITELA,HS0?)SDREL
4508 FORMAT(42H RELIABILITY OF LOW NODISE
INT)
4509 FORMAT(42H RELIABILITY OF LOW NOJSE
1MT)
HRITEL&,212)
GDFLG= 100+nN={ECGFo+EDBF 1 _
30449 FORMAT(3IH RELIABILITY OF VALJD TRK
WRITE(&+30]4)GOFLG
WRITE(&,3007)
XPER=UISPTS®1000)/IPTC
YPER®SXPER/1Q«D +4y5
WRITE!S,4505)XPER
4505 FORMATI{39H RELIABILITY OF DOPP S5KIN
WRITE (54,3007
B-32

S W/BAD DATA = 4F5e1)}

ON RANGE SERVOw sF5.1,8H PERCg

ON DOPP. SERVQ®™ 1FS5els8H PERC:

FLG® 4FSel 94 PERCENT.)

RETURN FLAG= ,F5el,8H PERCENT),




APER=([BPTS«1CcANM/IPTC
XPERSXPER/1Ne¢0 +405
WRITE(4,4506) XPER
4506 FORMAT(39H RELIABILITY OF DOPP COHO RETURN FLAG=E ,F5e),8H PERCENT)
WRITE(&.212) -
1F{IPOSPT«EQ«Q) GO TD 558
VPP=(lvPQOSel000)/IPOSPT
VPP (VPP /10+0}+.05
WRITELa 570)1VPP
WRITEf(&,3Q07)

570 FORMAT(S3H RELIABILITY OF DOPP VEL WwMEN TARGETY 1S RECEEDING = sFg
lel 84 PERCENT) ' '

558 IFIINEGPTEQsD) Go To 557

VPPE{IyNEGS100D)/INEGPT
VPP={VPP/IDeD)+,05
WRITE(4,571 VPP

57! FORMAT(53H RELIARILITY OF DOPP VEL WHEN TARGET IS APPROACHINGw ,Fg
{el8H PERCEMT)

S5%9 CONTINUE

WRITE(6,212)
XPER={ PTC®1000)/INPTS
XPER=XPER/ 10«0 +,05
WRITE(&4,4S049) XPER
4504 FORMAT(Z9H RADAR TRACKING RELIABILITYS ,F5,118K PERCENT)
WRITE(&4,3007)
GOATA® ({00.0=vLPR
3013 FORMAT(3IH RELIABIL_ITY OF VELOCITY DATA™ ,FSe},5H PERCENTs)
WRITE(6,3013)GDATA
WRITE({A,213)
WRITE(&,212)
WRITE(&4,212)

212 FORMAT(//)

213 FORMAT{IHI)

214 FORMAT({27H INPUT DATA CARD FOR CHECKS!?

215% FORMAT(24H RARAR T0O BE SEARCHED = ,AH4)

216 FORMATI(Z24H TIME TO START TAFE = 4FiDe3)

217 FORMAT(24H TIME TO STOP RUN ® G FlOe3)

218 FORMAT(Z24H OUTPUT PRINT INTERVALE +F10e3)

219 FORMAT{24H PRINT TIMES BIASED B8Y®m ;FiDe3)

220 FORHAT(4646H WHEN THE FOLLOW OPT{ON I5 USED, 1T wiL_ OVERIDE TSTART
1AND TS5TOPa)

22] FORMAT(}&H PRINT ONLY THE 112,22H (1ST,2ND,3R014THETC)
113H INTERVAL OF ,110Gs+18H SECONDS OF DATAW}

222 FORMAT(S50H OMLY FLAGGED ERROKS WILL BE PRINTED WITH IGPY =1 )

223 FORMAT{65H aLlL DATA WITH AND WITHOUY ERRORS ARE To BE PRINTED WlTh
{ 10PT = Q)

224 FORMAT(39H ERROR IN IOPT COL. B80sSHQULD BE | OR 0)

225 FORMAT{130H lssvscss]lovacrvvnesfovéiosalaleln]o[raesdsan]osesranln,
1.'.II!.!II‘..[CI'QC.IIl.l.l\‘I'.‘.l'Il.l.ll.-l_fncob-ldll'cI[]l..‘.""!
2esevnseal) R ’

3050 FORMAT{|30H lsesessoslesanansover|osavana]R [} S Blsevssnan[seatac]s,
letesinsrassn|sasersafaiccss]osrnsronavednsafoiochania T Isonnsuinsg
FRAR LT XY B8

226 FORMAT{}IDH lERR FLG1 TIME I DEL T I TRACK ! RANGE [ A2 1
l1EL I DDRNG 1 DVEL 15GDRZIISGVL211 RNGDOTSII RAWVEL 111 YELERR
2 VELERR I}

227 FORMAT({130H IoR NAM [ (SEC) 1 (SEC)Y 1 FLAGS | (¥T) 1 (DEG)I ¢
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IDEGIT F/52 § F/S2 | FPS 1 FPS 1 FePaSa
2 21PTs, I

2000 FORMATIZH Eylar2H) ,F10sdslH FTe3alH ,al3301h 4013, fH" ,FG6+0
1201H 3Fbe2) 2LLH JF7en]201IH Fbal),211H

] FePuSe It S51PTSe 1

H

1 FTe2)1, 2R 1241H WF8.2))
2061 FORMAT(GwM A9 lH FI0e3plH sFT7ed0lH 2814301 LI1)a1H 2780,
1211H JF6e214201H 2F7001320in JFbe2)2{1H +3FR42),2H 211K ,F8.2))
2002 FORMATIAHY,16,4r 10«3, 11CsT101911)
STOP
£N0

COMPILATIUN: 2 DIAGNOSTICS.




LOGRA

.01 /23/74=) {15987

LLL

*H

FERENCES

R3S

[GNMENT

o4p
i3
210
EFia)
574
576
761
J35
Sl4 Dyy
D&4é pal
221 9
207 X1

fogL
1624
2206
2476
3N
561G
4306
L

ENTRY pOINT QC1045

CODE(T)

{,c}

001153 DAaTA(D) BD3324% BLANK COMMON(2) Ogsooo
(BLOCK, NAME)
{BLOCK, TYPE, RELATIVE LOCATIO NAME )
0col geoo32 1306 oos! ooDosse 1376 Dool  ooploé 153G
gogl CeO146 174 gp01l 00041%0 1774 0ag! pon153 203g
ooal G ooo! noGz4sé 2345 cont a0G250 241G
oogl i gool po00276 3p00L oool aopisd 3p2a
9901 gcoc LI% geotl 000947 3246 Ooot aGp4s? 3275
Qrot 4Gé 364G opo! 000641 3T4g aagl 000724 4la&g
0QQn25 s5p0L jalal g QoDl42 gl “Upbi” ‘g0g20z 5021
D 00OlLs A GDOO0 0 0G011D CON oCo0 D 00044 D
0C D 003006 DyVY 0000° D' COBEOG p2F° 0000 o ‘00002Z 03|
1 703220 1 0000 1 003215 [FLAG ogoe 003262 INJP
aogo 1 003222 opooD [ GU03ZY7 KSET 0000 R 003223 SuUM
0000 R DO3204% XPT 0pOD O Q03211 XTIME 0000 R DD3224% 2STX

A
B
c
o

A
8

SUBROUTINE LLLINPO{NT ,DERKEY ,FINVAR XRAW XSM7STIGL,DX5H,D516%,
DOXSHDDSIGR,CYAR)

DIMENSION D25 (3:3),03193.31,051103,31,D081(3,3}

DIMENSION CON()4A(8], 31,013, B1)1,DVi3,51),DVVe3,311,DV¥Vid, 2l
DIMENSIGN FINVARIB}) yXPT{3}

DOUBLE PRECISION CON,XINC,XTIME 4,00V, DVV,DVVVTIHEZ

OOUBLE PRECISION D2i,031,051,D81

DATA 02llu.71324555450“14bﬂ9001.-0-188533H876n1u1630-l6.
~0+6533808434]12808005D+00)=0«180853843740101480Um]4,
0+51943051949805178D+00,03501458121D36724p=17,
~0v&65380842412680D5D+00,10.3QLASB{210346724D+T7,
O.1075514874 4 1874&D+00/

DATA D31/0400112245929821020+01,042621563955470748p%17,
~0e202244918596492030+00,0+3621563955470748D=17,
0¢161290322580649530+00,~04130)19522419917330~17

C—B-2022449lBS?bﬂzﬂBD*Uﬂn-U-l3n|9522419917330:|1.

D

(=1 o =2

»

0«7270794823541305p~01/

DATA DS1/De83632872597515050=01,0¢67222545355623794D=18,
*0«4530113932365392D0=01,067222545354623794p=18,
0:34619909502262448D=01 ,=024841221206796255D"18,
~0+45301139323653920%0):=0e¢356412212067962150%18,
De4414594602709C073D=06#

DATA DB1/0+8266057954158927Dm 02.u-a222u3b7547h050|n~la-
=0 1129474587060384D-01,0442229267547D0500D=}a,
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B DeF03342346675700280=02,~0:67411939497257420~14,
C =0e1129694587048384D=01,-0¢676119344997257410~18,
D 0+2778483816894556%0p=01/

DATA [FLAG/1/

SYMBOLIC DICTIORARY

NPOINT = NOs UOF PTSe OVER WNHICH CURVE IS TQ BE FITTED.
DERKEY = leQ, COMPUTE DERIVATIVES OF SECOND DEGs EQw
DERKEY = 0«0y NO DERIVATIVES COMPUTEDs SIMPLY FIT INPUT DATAe
FINVAR = [NPUT DATA ARRAY WHICH IS ALWAYS 5l=PTS,
XRAW = RAW INPUT VALUE AT THE 41=PrT,
ASM = SHDOTH VALUE AT THE 41=«PT.
SIGX = VARIANCE OF POSITIGN AT THE 41=pPT.
DXSM = SMOCTH FIRST DERIVATIVE AT THE d4l=pTs
DSIGX = VARIANCE OF FIRST DERIVATIVE AT THE 41=PT.
DDXSM = SMOOTH SECOND DERIVATIVE AT THE 49)=PTe
DDS1GX = VARIANCE QF SECOND DERIVATIVE AT THE %i«PTs
CVAR = YVARIANCE OF SECOND DEGe CURVE FITs
AINC = TIME INCREMENTING CONSTANT FORw=alwuMATRIX,
XTIME = TIME GENERATED FOR==pA=aMATRIX.
TIMEZ = TIME SQUARED GENERATED FORwwAweMATRIX.
AlloJ) = TRANSFORMATION MATRIX TO TRANSFORM THE CONSTANTS OF
A SECOND DEGREE EQe TO SMOOTH POSITION.
CON(3) = A(l33) = 140, CF TRANSFORMATION MATRIXs
CON(2) = Al],2}) = TIME OF PTe RELATIVE TO STARTIjNG
TIME OF CURVE FITe
CONULl) = All41l} = TIME SQUARED OF PTs RELATIVE Tp STARTING
TIME OF CURVE FITs
IX = NOe OF PTSe SECOND DEGREE EQs IS5 TO BE FITTED OVER.
KSET = NO« OF PTSe TRAVERSED TO THE RIGHY AND LEFT ABQUT
M{D=PTe REFERENCE TIMEe REFERENCE TIME STARTS AT ZERD.
THIS SYMBOL (=) IS NMOT A MINUS S{GN;s 1T I35 A DASH IN THE EG@S5.
D2l = (A=TRANSPOSE#A)«]NVERSE MATRIX FOR A 21~PT, CURVE FiTs
D3l = (A=TRANSPOSEeA}=INVERSE MATRIX FOR A 31=-PT, CURVE FITs
851 * (A=TRANSPOSE®A}=INVERSE MATRIX FOR A S1=PT, CURVE FITs
DB} = (A=TRANSPOSE®A)=INVERSE MATHIX FOR A Bl=PT, CURVE FITa
D = MpATRIX TO TRANSFORM Bl=PTSe OF DATA INTO THE 3 PARAMETERS
OF THE SECOND NEGe EQs
DY = MATRIX TQ TRANSFORM 51=pTS. OF DATA INTQ THE 3 PARAMETERS
OF THE SECOND DEGe EQoe
DVV = MATRIX TG TRANSFORM 31=PTSe OF DATA [NTO THE 3 PARAMETERS
OF THE SETOND DEGe EQe : '
DVVY = MATRIX TO TRANSFORM Z]1=PTSs OF DATA INTOD THE 3 PARMMETERS
GF THE SECOND DEGe EQs

THE SET OF INSTRUCTIONS BETWEEN STATEMENT NUMBERsS 500 AND 300
ARE EXECUTZD ONLY ONCEs INITIALLY, IFLAG IS SET TO ONE IN
ORDER TGO EXECUTE SUCH INSTRUCTIONS.
IX=-15 SET FOR AN 8l=PTs CURVE FiT,
KSET==1S SET 70 THE LOWER AND UPPER BOUND SPAN ApOUT MID=PT.
REFERENCEs AREFERENCE TIME STARTS AT ZERO AND INCREMENTS BY
0«05 SECONDS. .
SET CON{]) TO ONE FOR=eA==MATRIXa

B=36
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[alalal

wa NN

IF{IFLAGWED«0)GD TO 3CO
ix = gl

KSET = 4}

CONUY) = .0

GENERATE TIME INCREMENT(XINC)s» TIME(CON(Z2)1]s AND TIME SQUARED
fCONI{}) FOR==A{], }==MATRIX.
LOAD COMPUTED VALUESICONC{LLY) INTO==A{] ,,J)waMATRIX.

DO 5 [=lelX

XINC m I=KSET

ATIME = S.9D~u2¢XINC
CONC(L) = XTIiME®=Z
CON(2} = xTIME

po 5 y=f,3

Afl,Jd) = CoNLJ)

SELECT THE 51=PTe, OR 31=PTa, OR 2]|=PTes PaTH DETERMINED BY
THE PRESET VALUE OF ==]X.s

[IF{IX+EQe51) 00 TO 501}
IF{IX«EQedl) GO TO 502
IF(IXsERe217) GO TO 503

GENERATE THE DATA TRANSFORMATION MATRIX==p==FOR THE Bl=PTe FITe

Do 7 [=].,3

DO 7 U=l ,8]

Dtlsed) = 0.0

Do 7 k=1,3

D{l,d) = DOl ,d}eDatil K)eAlJ,K)
Ix = 5]

KSET = 2é&

GQ Tn 5Q0

GENERATE THE DATA TRANSFORMATION MATRIX==DpV==FQR THE SI‘PTO‘FIT.

LD 8 [=1,.3

DO 8 Jm1,5)

DV({l,J) = Oep

DO B K=} ,s3

DVIiI,J! ™ DVIlsJd)eDBLL{IsKI®ATJIIK}
Ix = 3j

KSET = |é

GO0 TO 500

GENERATE THE DATA TRANSFORMATION MATRIX=DyV=FQOR 31=FT. CURVE FIT,

Do 9 [=1,3

DO 9 u=1,31

DVV‘I|JJ = 0,0

00 9 k=] 43

Dyvi(]l,J) = Dyyil, g)*DAllI+K}0AJ4K)
Ix = 21

KSET = ]

GO TOo 500
B.37




GENERATE OATA TRANSFORMATION MATRIXwDVVV=FOR Zl=pT, CURVE FIT,

(U AN a Nl

D3l 00 10 [=l,3
Do 10 J=1,2]
DV¥VIi1,J) = 0.0
20 In K®m],3
0 CVYVVIEL,,Jd) = GVEVI 1402140 k) eatd K2

SET IFLAG TO ZERD 7O SKIP STATEMENT NUMBEAS 500 THROUGH 3G0s

alaNal

IFLAG=]

SETmeSUM=arl ZERO, {(SUMMATION OF RESIDUALS SUUARED
SET PARAMETERS==A 4R 1(={XPT(]))==0F SECOND DEts Ele TQ ZERQ:

Winnn

.o SUM = 3.0
XPT(1l)} = Q0,0
XPT12) = 0.0
XPTL3) = 0.0

SELECT THE APPROPRIATE PATH FOR THE NGO, OF PTSs U%ﬁ“'IN CURVE Fly

[aNalal

IFINPOINTSEQRLIGO TG 306
IFINPOINT«EQeB1 GO TOQ 304
IF{NPOINT.EQ.3}1G0 TG 362

COMPUYTE PARAMETERS, A,BsC={XPT{1}} FOR SECOND DEGe EQe
FOR A 2[=PTs CURVE FITa

LOAD SMOQTH VALUE AT 41=PTe INTO==XS5M.

COMPUTE SUMMATION OF RESTIDUALS SWQUARED==SyM.

Nonnnn

DO 30| I®],23
DO 301 J=31.51¢
K= /)=30
301 APTUI) = XPTULI+DVVY (] ,K)I*FINVAR(Y)
XSM = XPT{))
DO 40)] [=1421
XINC = I~]1}
ATIME = 5.00=020XNC
TIME2Z = XT{MEen2
I5TX = XPT(1)aTIMEZ¢XPTI2)eXTIME«XPT(]3)
K=l+1n
401 SUM = SUM+{FINVAR{K!Im=ZSTX e

LOAD CURVE VARTIANCE INTO==CVAR.
CALCULATE MID=PTes VARIANCE OF POSITIONe=SIGXSs

[l allal

CVAR = SUM/1840
SIGX = D«597508243E=02%5UH '

[F==pERKEY==£QUALS ONE) LOAD IN FIRST DERIVATIVE~(DASHM],
COMPUTE VARIANCES OF FIRST DERIVATIVE=(DSIGX}, AND VARIANCE OF
THE SECOND DERIVATIVE~(DDSIGX) .

L Nl alalal

STIC THE TEST FOR EQUALITY BRETWEEN NON=INTEGEREZ MAY NOT Bg MEANINGFUL,
1F{DERKEYEQ+D+01G0O TG 100
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DXxSH = XPT(2)

DslGx = [Qe28860C0288E=0135UM
DpS[Gx = 061584990 13E«01*50UNM
GQ TO 99

COMPUTE PARAMETERS, A,B.C=(XPTII)) FOR SECOND DEGe EQe
FOR A 31=PTe CURVE FiTs

LOAD SMOOTH VALUE AT 41=PTs [NTO==XSM.

COMPUTE SUMMATION OF RESIDUALS SQUARED==S5UMe

WO MO NNO

gz Do 303 I1=],3
DO 303 J=26456
Ke =25
i03 XPTI[) = XPT{])+Dyvil, K}*FINyAR{J}
XSM = XPT({3)
Do 40z [|=1,31
XINC = I=]6
ATIYE = 5.CD=02"XINC
TIME2Z = XTI!MEs««2
ZISTX = XPT(])eTIME2+XPTL2)I*XTIME+*XPT(3)
K=]+25
402 SUM = SUMH(F[NVAR(KI=25TXies2

LOAD CURVE VARIANCE [NTO==CVAR.
CALCULATE MID-PTe YARIANCE OF PGSITION==51GX»

s EaKalnl

CVAR = SUM/A28.0
SIGYX = 0«26F46B025g=02*5UM

IF==0ECRKEY==EQUALS ONF, LOAD IN FIRST DERIVATIVE-(GXSM),
COMPUTE VARIANCES 0F FIRST DERIVATIVE~(DSIGX)s AnD VARIANCE OF
THE SECOND DERIVATIVE=(DDSIGX!}.

' NeBalanalal

STic THE TEST FOR EQUALITY BETWEEN NOA=INTEGERS tay NOT gg MEANINGFUL.
IF{DERKEY»EG«Qs0Q1Gp TO 100
DXSM =& XPT(2])
OSIGX = Ds574036840E=02*5UM
DOSIGK ® CelU4440648E«0DnSUN

G0 TO 99

COMPUTE PARAMETERS, A:B1C={XPT{1)] FOR SECOND DEGe EGo
FOR A G]=PTe CURVE F1Ts

LOAD SMOOTH VALUE AT 41=PTs INTO==X5H,

COMPUTE SUMMATION oF RESIDUALS SuUAREG==35UM»

("R aNalNal el

o4 DO 305 I=1,3
DO 30b J=lésbb
Kz Jw]h
ags XPT(]) = xpT(])+Dyil K}I*FINVARIT D]
XSM = xPTI(3}
B0 403 I=1,51
XINC » l=2¢
XTIME = 5.0D=02%XNC
TIME2 = XTIMEea2Z
ZSTX @ XPTU1YeTIMEZ#XPT(2)8XTIME+XRT(3)
K=[+1lg
403 SUM = SUM+(FINYAR(X}=ZSTX)ee2
B=39
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99
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LOAD CURYE VARJANCE INTO==CVYAR, ) t
CALCULATE MID=PTs YARIANCE OF POSITION==5|GXe b

CVYAR = SUM/48.0
SIGX = De?1970749BE=GI*SUNM t

JF==DLRKEY==£QUALS OME, LOAD [N FIRST DERIVATIVERIDXSH),
COMPUTE VARIANCES OF FIRST DERIVATIVE={DSIGR)}, AND VARIANCE OF
THE SECOGND nEHiVATIVE-{DDSIGx).

TEST FOR EQUALITY SETWEEN NON=INTEGERS MAY NOT Br MEAN[NGFUL.
IF(DERKEY«EQ.040160 To 100

DXSY = XPT(2)

DSIGY % Qe754]47B0HE=0305UM

DDSIGx ® Deb6?6F4060HE=0Z¢SUM

G0 TO %9

COMPUTE PARAMETERS, A2B2C~{XPT{I)} FOR SECOND DEGs Euys
FOR A B!=PTe CURVE FIT»

LOADR SMOOTH VALUE AT 41=PTs INTO==XS§M,

COMPUTE SUMMATION OF RESIDUALS SQUARED==SMs

D0 307 =143
DO 307 J=1,8}

XPT(I) = XPT(1)+D(1sJ)eFiINVARII)

ASM = XPT(1)

DO 404 (=} ,8)

XINC = [=4]

XTIME = S.Q0=02%X]NC

TIMEZ = XTIME=e2

ISTX = XPT{1)eTIME2+XPT(ZI8XTIME+XPT(3)
SUM = SUUM«(FINVAR{])=ZS5TX)®e2

LOAD CURVE VARIANCE INTO==CVaAR.
CALCULATE MID=PTe VARIANCE OF POSITION=-=~S51GX.

CvAR = sSUN/738.0
SIGX = De35621587 E~03e5UM

IF==DERKEY==pQuUALs ONE» LOAD IN FIRST DERIVATIVE=(DASM]},

COMPUTE VARIANCES oF FIRST DERIVATIVE~IDSIGX), AND VARIANCE OF
THE SECGND DERIVATIVE=-{DDSIGX).

TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT Bf MEANINGFUL,
IF{DERKEYEQeD.0)GD To 100 '

DXSM = XPTI[2)

DSIGX = De115813123E=03¢5UM

DDSIGX * Je423900405E=03®SUH

CALCULATE VARIANCE OF SECOND DERIVATIVE={DDXSH).
LOAD IN RAN POSITION AT 4l«Pye [NTO==XRAW.

DDXSH = 2.0exXPT(I)
XRAW = FINVAR({H4!])
RETURN

END
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POTENTIAL BENEFITS
OF
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By
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POTENTIAL BENEFITS OF CDH.EHENT C-BAND
DOPPLER RANGE-RATE DATA

C-Band tracking radars equipped with Coherent Sfgnal Processors
(CSP) provide precision range-rate data for various applications. The
following discussion will attempt to Qisplay the utility of range—fate
data in terms of Best Estimate of Trajectory (BET) improvement and
feature extraction. All of the datz shown were collected by the AN/
FPQ-6 radar at Wallops Island.

Figure 1 displays a classic problem for launch ranges - trajectory
determination during staging. The velocity vs. time trace in figure 1
is from the BET so1ﬁtion of standard skin track range, azimuth, and
elevation (RAE) data from a typical NIKE launch at Wallops Island.
The computer software that was used ic process the trajectory is a state-
of-the-ért Kalman FiTter, similar in design to man& range safety real-
time filters used nationaliy. A familiar technique of destroying the
memory of the filter at known staging times was utilized in this data
analysis to assist in transient response at burn and burn out, but
the velocity solution still exhibits classic overshoot and subsequent
undershoot; The velocity trace in figure 2 was made with exactly the
same computer set-up, except the CSP range;rate data was weighted in
the solution.

Figures 3, 4, and § are frqm the tracking data of a super-critical
designed fuselage that was dropped from an aircraft. The purpose of the
test was to determine the drag coefficient of the body as the velocity

passed through mach 1. The test was designed so as to maximize the
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velocity vector in the direction of the radar range to obtain high

quality range-rate information from the CSP. Figure 3 and 4 contrast

the solution of acceleration vs. velocity without and with range-rate
data. In this case the experiment was looking for a transient in the
trajectory, and the CSP was able to contribute greatly to the feature
extraction. Figure 5 displays the range-rate residuals to the trajectory
displayed in figure 4. The RMS noise (skin track), with four measurements
edited, was 8 cm/sec.

As was discussed in figures 1 and 2, the classic problem of any
real time or end-point filter such as the Kalman, is.overshoot, or
equivatentty, filter lag. This is particularly evident when solving
for high order terms, such as velocity and acceleration, from measure-
ments of position, such as RAE. The filter must process a series of
position measurements before the higher order terms are observable,
and the result is a time l1ag. One such observable parameter is aircraft
bank angle. The computer software used for most of this paper has an
optional dynamic model for aircraft tracking, with bank angle and Tongitudinal
acceleration being the highest order terms in the model. Figure 6 dis~
ptays the X-Y ground trace of an aircraft flight tracked by the Wallops
AN/FPO-6 radar. The aircraft was equipped with a coherent transponder,
and CSP range-rate data was collected along with the normal beacon track
RAE (gross spectrum) data. Figures 7 and 8 contrast the BET bank angle

without and with range-rate. Notice the time lag of approximately 3

Ce3




seconds in the solution without range rate. Figure 9 displays the range-
rate residuals, heré with an RMS of 2.9 cm/sec. Some shadowing of the
transponder may have occured in this data, since other segments of the

track exhibit 2.0 cm/sec RMS.

The purpose of the above track was to provide an altitude standard
with which to compare the measurements from the NRL nanosecond radar
altimeter that was on the aircraft. Figure 10 displays the solution
for altitude above the spheriod as determined by the altimeter (stars)
and as determined by the radar {solid line}. The $greement batween the
two systams is generally 10-20 cm over this one minute span of data,
showing the potential for both CSP tracking data and microwave altimetry.

To round out the spectrum of CSP applications, a short span (20
seconds) of skin track range-rate data from a GEOS-II track was integrated
to generate precise range data, Figure 11 displays the orbital accuracy
by comparing range measurements from a collocated laser ranging system.
The X's represent the laser ;esidua1s to an orbit determined by 20 seconds
of normal range data. The dotted circles represent the laser residuals
to an orbit determined by integrated ranges from the same 20 second time
span. The integrated ranges were then smoothed, and the third trace
represents the laser residuals to the smoothed CSP ranges.

In conclusion, the above data demonstrate the utility, accuracy,
and precision of CSP range-rate measurements. Furthermore, the advantages
of precision range-rate for solution of high order terms, such as velocity or

gcceleration. has been shown. o
&
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ABSTRACT

C-BAND AND TRANET TRACKING BIASES RELATIVE TO
A COLLOCATED LASER

D. V. Carney
H. C. Parker
J. H. Berbert

As part of the GEOS-II Observation Systems Intercomparison Investigation,
the Wallops island Collocation Experiment (WICE) was conducted during April through
June 1968. Among the collocated tracking systems were a NASA laser and an
AN/FPQ-6 C-band radar equipped with a coherent signal processor (CSP). The
FPQ-6 tracked GEQS both in a2 beacon mode and in 2 skin tracking mode, During
four of the skin track segments, C-band doppler data was successfully taken and re-
corded for analysis.

The laser data were used to form reference orbite against which the doppler
data were compared with the NONAME orbit determination program. Simple error
models, consisting of measurement and timing bias terms, were then fit to the data,
The RMS noise of the residuals varied from 2.7 em/sec to 13.3 em/sec, and the de~
rived range rate measurement bias varied from -1.3x 0.5 cm/sec to 6.7 = 0.7 cm/sec
with an average value of 2.5 ¢m/sec. The timing bias ranged from 0.01 = 0. 20 milli-
seconds to 0,45 * 0,20 milliseconds,
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1.1 INTRODUCTION

. The GEQS-II Observation Systems Intercecmparison Investigation was de-
signed to evaluate the relative accuracies of various geod-etic chservation systems. As
a part of this effort, the Wallops Island Collocation Experiment (WICE) (Reference 1)
was conducted during the period of April through Jure 1968. A NASA laser, two
C-band radars (an AN/FPQ-6 and an AN/FPS-16), several cameras, a Navy TRANET
doppler, and an Army SECOR comprised the tracking systems employed. These
trackers were collocated with one another in order to minimize relative station survey
errors (determined to better than 10 cm.) and earth gravity field errors that might
otherwise be aliased into tracking biases. The NASA laser range, azimuth, and eleva~
tion (RAE) data were weighted at 2 meters, 200 arc seconds, and 200 arc seconds,
respectively, and were used to form the reference orbits against which the other sys-
tems were compared.

The AN/FPQ-6 C~band radar used a coherent signal processor (CSP) to
provide doppler range rate measurements on GEQS-iI during the WICE (References 2
and 3). However, since GEOS did not have a coherent beacon, the CSP could only be
used during a skin track. The skin tracks were augmented by a Van Atta retro-
reflector array on the GEOS spacecraft. Of the 34 FPQ-6 tracks simultaneous with
the laser, 10 were taken both in.the beacon and skin track modes. For those 10
passes, the FPQ-6 was calibrated for the skin track portion, tracked the first third of
the pass with the beacon, was switched to skin track for the second third of the pass,
and back to the beacon for the final third. Doppler tracking was atiempted during nine
passes, successfully on eight of the nine. Of the eight, the four for which we received

data (on May 30, June 5, June 11 and June 12} are covered in this report.

1.2 SOFTWARE

The FPQ-6 doppler data forwarded to us from Wallops Station were known
to contain a hardware truncation error with a maximum value of 2.8575 ¢cm/sec. Sim-~
ilarly, the zero-set bias cori'ection normally measured at Wallops had not been applied
or recorded (Reference 4). Neither of these errors were recoverable. The data, as
received, were corrected for a known error in the speed of light constant representa—
tion which existed in the radar hardware system at that time (Reference 5) and were
preprocessed with the RCA C~band Pre-processing Program (Reference 6) for time
tag and tropospheric refraction corrections,
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Asp in the WICE report (Reference 1), the NONAME Orbit Determination
Program (ODP) (Reference 7) was used to redjxﬁgiths lasei' RAE data through a least
squares fit procedure to form the reference orbits against which the FPQ-6 and
TRANET range rate data were compared. Simple error models for measurement
bigas and timing bias were then fit to the range rate residuals with the ODP,

1.3 A PRIORI DATA AND ERROR MODEL WEIGHTINGS

For the purposes of this report, a specific error model is defined as any
distinct combination of bias uncertainty terms and the values assigned to those terms,
i.e., different value combinations for the bias uncertainty terms create different
error models.

Of the four available passes, iwo were simultaneous with TRANET doppler
data, on June 11 and June 12. Previous apalyses of the TRANET data have established
appropriate weightings for that data and confidence in the resulta. It was determined
that, due to the fairly high correlation of the range rate bias to the timing blas, the
TRANET time bias had to be constrained to 0.2 milliseconds (ms) in order to get
reasonable estimates of the measurement bias, However, the first FPQ-6 error
model allowed 2p increase to 1 millisecond in the a priori timing uncertainty in an
attempt to estimate the relatively unknown timing bias for the new C-band doppler
data, Since reasonable estimates of the timing and measurement blas were not re-
covered, it was again assumed that due to the accuracies of the collocation techniques,
the relative timing bias was as accurate as that of the TRANET. Thus, in the second
error modél, the a priori FPQR-6 timing uncertainty was reduced to 0.2 milliseconds,
matching the TRANET error model ferms.

The first two rows of Table I give the a priori weights (SIGMA) assigned to
the laser measurements used to form the reference orbits. The third row indicates
the SIGMA applied to the FPQ-6 range rate data in the unmodeled rung for each of the
fdur passes. For both remaining stations, the columnsg show the error model pumber,
the SIGMA, the initial estimate of the measurement bias (BIAS), the uncertainty about
thai measurement bias (BIAS SIGMA), the initial estimatie of the measurement timing
bias (TIME BIAS), and the uncertainty about that time blas (TIME SIGMA). Error
model 1 was used in the origﬁnal analyses of the FPQ-6 range raie data; models 2 and
3 came from the WICE TRANET error modeling study.
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In all of the error modei recovery runs, the laser refcrence orbit was held
fixed by weighting the position and velocity state vector coﬁponents at 10”8 meters and
10~12 meters per second, respectively, thus forcing the error model coefficients to
fit the C-band residuals.

2.1 RESULTS

Figure I is a display of the plots of the unmodeled rapge rate residuals
against the laser RAE reference orbits for each of the four passes. Each plot shows
the FPQ-6 residuals sampled every five seconds and the time-location of the doppler
skin track portion within the laser pass. None of the FPQ-6 range rate initial points
are coincident with the first range point of the skin track; rather, the range rate data
starts later by 58, 65, 79 and 109 seconds, respectively, for the four passes taken in
chronological order. Further, the voint of the closest approach (PCA) of the satellite
consistently occurs at the second time point of each range rate track and lies between
71° and 88° elevation. '

The lower two plots, i.e., the June 11 and 12 passes, also show the un-
modeled TRANET residuals for comparison., These data were smoothed over a 32-
second interval during the Naval Weapons Laboratory (NWL) preprocessing and are
shown without further sampling, '

Figure II illustrates the residuals as they appear after the second error
mode!l was applied during both the FPQ-6 and TRANET data reductions,

Table @I summarizes the pass statistics for the residuals and the derived
measurement and timing bias error model terms for the four FPQ-6 tracks and the
two simultaneous TRANET tracks. The RMS noise values are given for both the first
and final iterations to show the effective noise reduction resulting from modeling the
systematic tren&s within each pass. The mean value of the residuals for iteration one
is given for comparison to the measurement bias term derived in subsequent iterations,
when the residual mean has been reduced to zero. When both the biases and their
associated uncertainties are considered, the best results appear to be obtained with
the second error model. '

The third error model was used in an attempt to display the effects caused
by assuming the measurement bias to be fairly well known and the timing bias relatively
unknown.
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Tahle I1] is a summary of the statistics for each item of interest averaged
overthe four FPQ-6 passes', the two simultaneous passes of the low frequency TRANET
pair (Lo), and finally, for reference, over the 26 passes of the low and the 16 passes
of the highnfrequencv TRANET pairs taken during the WICE.

It has been shown in a separate set of runs not given here, that when no

" time bias error term is solved for, the derived measurement bias for the final iteration
is equal to the residuval mean value from the first iteratidn. The measurement errors
are forced into the range rate bias with a slight degradaticn (b. 0 to 0.1 cm/sec.) in

the RMS noise; i.e., If a timing bias does indeed exist, it can be aliased into a meas-
urement bias with an appropriate error model, Conversely, if no measurement bias
torm is allowed and the time bias uncertainty is sei large at = 1 second, the residual
mean values are reduced to a near-zero level. The time bias term will now absorb
most of the measurement error, varying from -0.30 miiliseconds to 2.51 millisecords.
This indicates that the range rate and timing biases are highly correlated and points
out the need to assign relative uncertainties which approximate reality. Due to the
careful relative time synchronization techniques, we believe that the clocks were
indeed synchronized to at least 200 gsecs. (0.2 millisec.), as used in error model 2.

The C-band doppler tracks are all one-sided, starting a few seconds before
PCA and then continuing down to an elevation of between 45° and 60°. The doppler
data were offset from the start of the skin track due to difficulties in MNocking on" for.
range rate. Had the passes been more nearly symmetrical, the bias terms should
have been more separable,

Figure III consists of two overlays of the FPQ-6 range rate biases on plots
of the WICE TRANET measurement biases. In both cases, the TRANET range rate
bizses were derived with the second error model. The first (top) plot shows the
FPQ-§ biases as they were originally derived with the first error model (Reference 8}.
The second (bottom) plot compares the FPQ-6 biases as derived with the second
model to the TRANET biases. It is apparent that the more realistic second model
yields FPQ-6 measurement biases that generally agree more closely with the laser
reference orbit and the TRANET than does the first modeal,

Figure IV iz an overiay of the FPQ-6 skin track range blases on plots of
the FPQ-6 beacon mode, the FP5-16 C-band, and the SECOR range biases from the
WICE. It is included as supplementary information, showing the degree of aggreement




between the ranging biases for the skin track portion (X) and the beacon track poxtion
(V) with the laser reference orbit and the other systems during that period.

It has been reported (Reference $) that the phase center of the TRANET
antenna was on the order of 1 meter different from the geometric antenna center that
we have been using. Runs were made for the June 11 and June 12 TRANET passes
using the modified phase center coordinates. The measurement biases recovered
using error model 2 deviated from the previous results by less than 0.4 cm/sec.
The timing biases did not change.
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4.1 CONCLUSICONS

. While it iz understood that, due to the sparse number of passes, these re-
sults are not very conclusive, they are an indication of what was achieved in early
GEOQOS-II atiempts to utilize CSP doppiler data available from the Wallops AN/FPQ-6
radar operating in a skin track mode. The data in this study i3 somewhat corrupted
with non-recorded zero-set and truncation errors, vet the results appenr reasonable

for a C-band range rate system at that time, particularly for the last (6/12) pass.

Considering error model 2, the FPQ-6 range rate biases range from
-1.3 em/sec to G..T cm/sec with timing biases of 0,01 milliseconds to 0.45 milli-
seconds. For the two simultaneous TRANET passes, the range rate biases are
1.9 cm/sec and 1.2 cm/sec with timing biases of 0,00 ms, and .05 mas.

The measurement range rate bias results are sigpificantly better with
less uncertainty when the time bias term is more tightly constrained (from 1 second,
or 1 millisecond, down to 0.2 millisecond uncertainty), indicating that, due to the
correlation between the range rate and timing bias coefficients, it is important to use
realistic time bias constraints, By using the more realistic estimate of the uncertainty
in the FPR-6 clock, the resulfs are substantially improved over previous analyses.
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TABLE II

o f

FPQ-6 AND TRANET RANGE RATE RESIDUAL STATISTICS ANij BiAS VALUES

RMS Mean Bias Time Bias
Station Model Epoch | Iter, 1 Iter, 3 | Iter. 1 | Value Sigma [ Value Sigma
{cm/sec) (cm/sec) (em/sec) (millisec)

FPQ-6 . | Unmodeled 5/30 13.7 13.7 3.2 - -

6/5 12.9 | 12.9 2.5 - -

6/11 12,6 | 12.6 8.7 - —

6/12 2,9 2,9 -0.9 - -
FPQ-6 1 5/30 13.7 | 12,9 3.2 ~10.9 =1,8 ] 5.17 =0.66

6/5 i2.9 | 12.8 2.5 1.2=2,6| 0,46 +0,92

6/11 12.6 | 10.7 6.7 6.2=2,5{ 0,17 £0.92

6/12 2,9 2.5 -0,9 -4,2:1,3| 1,40 =0,53
FPQ-6 2 5/30 13,7 | 13.3 3,2 2.0==0,6| 0,45 =0.20

6/5 12.9 | 12.8 2.5 2,5=0,7 ] 0.02 20,20

6/11 12.6 | 10.7 6.7 6.7£0.7| 0,01 0,20

6/12 2.9 2.7 =0.9 -1,3+0,5| 0,18 +0,19
FPQ-6 3 5/30 13.7 | 12.8 3.2 -19.8+2,3 | 8,48 20,84

6/5 12,9 | 12.6 2.5 -3.3x5,0 | 2.09x=1.78

6/11 12,6 | 10,7 6.7 2,2+5,0| 1,68=1.87

6/12 2,9 2.5 -0.9 "-5,3=x1,5] 1.88=x0,62
TRANET | Unmodeled | 6/11 3.2 3.2 1.9 - -

6/12 4.6 4,6 1.3 - —
TRANET 1 6/11 3.2 2,6 1.9 1.9 2,0 | -0.02 =0.85

6/12 4.6 4.0 1.3 -0.5+2,0 | 0,91 +0,83
TRANET 2 6/11 3,2 2,6 1.9 1,§ 1,11 0,00 0,20

6/12 4.6 4,3 1.3 1,2+1,2 | 0,05=+0,20
TRANET 3 6/11 3.2 2,6 1.9 1,7+58.0 ] 0,07 =1.49

6/12 4.6 3,7 1.3 -4,0 3.0 2.66=1.40
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TABLE 1II

AVERAGED STATISTICS FOR THE RANGE RATE PASSES

Iter. 3 .
. Sample RMS Meas, Blas! Time Biaa
Station Model o Mean NS
Size {em/zec) (cmn/sec) {cm/see) {millisec)
FPQ-5 Unmodeled 4 10.5 = 4.4 | 2.9x2,7 - -
1 4 9.7 4.2 - «1,9+8.4(1.80 £2.00
2 4 9.8 £4.2 - 2.4 £2,910,17 + 0,18
3 4 9,7 +4.2 — -6,5+£8,1}3.50 =2.00
FPQ-6 Unmeodeled 2 7.8+4,912,9+3.8 — -
1 2 6.6 = 4.1 - 1.0=5.210.79 £0,62
2 2 6.7 = 4.0 - 2.6 + 4.0 |0.10 +0.09
3 2 6.6+ 4.1 - -1.5 £ 3.8 [1.78 2 0.10
TRAKET (LQ) | Unmodeled 2 3.9=0.61.6+0.3 — —
1 2 3.3x0.7 —_— 0.7%1.2 |0.45 = 0,47
2 2 3,5+0,9 - 1,5%0,3 0,01 £0.01
3 2 3.2£0,6 - 1,2+£2,911.37 £1.30
WICE
TRANET (LO) 2 26 4,5 +£2,0 — 1,4 £3,510,00 £0,10
TRANET (HI) 2 16 6.1 £ 7.0 e =3.2 +7,510.00 = 0,01
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APPENDIX E

INFLUENCES OF RANGE-RATE MEASUREMENTS
' OF
ICBM INSTANTANEOUS IMPACT PREDICTION ACCURACY

By
RUSSELL ROY, FEC

Federal Electric Corporation ITT
Vandenberg AFB, California 93437
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OUTLINE

GENERAL EXPLANATION OF PROBLEM
® MISSILE/SENSOR GEOMETRY
e R MEASUREMENTS
® [IP POSITIONS, IIP ERRORS

DESCRIPTION OF SOLUTION TECHNIQUES

® COMPUTER SIMULATION (ARMS)

® TVO KALMAN FILTERS (ARMS)
SPECIFICATION OF CONDITIONS SIMULATED
DISPLAYS OF IIP ERRORS

® R DATA PRESENT

e R DATA ABSENT

SUMMARY REMARKS
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SEQUENTIAL TABULATION OF 1P ERRORS FROM NAR

TRAJECTORY: 'Y PIGA FAILURE "

RELATIVE TO A GIVEN FLIGHT TIME, R,A,E,é DATA FROM 3 SITES
WERE PRQCESSED IN THE ORDER SHOWN BELOW.

1P ERROR {NAUTICAL MILES]}

FLIGHT TIME SAN NICOLAS
(SECONDS) POINT MUGU ISLAND POINT PILLAR
100 0.1 0.1 0.1
105 ‘ 0.4 0.3 0.1
110 0.6 0.3 0.1
115 0.6 0.3 0.1
120 0.6 0.3 : 0.1
125 0.4 ' 0.2 0.1 ]
130 0.5 i 0.4 0.1
135 1.0 1.0 0.3
140 1.4 1,6 0.4
145 1.7 1.5 0.3
150 2.1 1.9 0.3
155 2.6 2.1 0.3
160 3.3 2.6 0.4
165 4.2 3.3 0.4
170 5.0 4.0 0.4
175 6.2 4.7 0.6
E-10
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SUMMARY REMARKS

® R MEASUREMENTS CAN PROVIDE

® SMALLER IIP ERRORS AND

® LESS NOISY IIP ERRORS

SUBSTANT!AL IMPROVEMENTS OF 1iP ACCURACY CAN BE
OBTAINED WHEN

® POINTING AXES OF AT LEAST 3 RADAR SITES
ARE NOT IN THE SAME PLANE AND

e BENEFITS O_F’ﬁ MEASUREMENTS ARE EXPLOITED
BY THE SOFTWARE USED AND

® (GOOD MISSILE VELOCITY OR ACCELERATION
COMPONENTS ARE NOT AVAILABLE FROM OTHER
SOURCES




APPENDIX F

ANALYTICAL TECHNIQUES AND RESULTS OF COHERENT TRACKING
. OF
THE THOR-DELTA AND MINUTEMAN Il

By
VIRGINIA FAGERLIN, FEC

Federal Electric Corporation ITT
Vandenberg AFB, California 93437
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PROBLEMS ASSOCIATED WITH DEVELOPMENT OF A LAUNCH HEAD RANGE SAFETY
SYSTEM FOR CONTAINING ICBM LAUNCHES IN THE KWAJALEIN LAGOON CORRIDOR

Stan Radom, SAMTEC

(Verbatim Transcript from Tape)

| am using a viewgraph made in 1966 in order to give you an idea of why we got into
coherent tracking in the first place. There's some interesting history attached to it. i'd like
to go over briefly why the very large expenditures were made here, San Nicoias Island,
Pillar Point, and Point Mugu to get into the range and range rate business.

When the Western Test Range was formed, the Air Force took over PMR responsibilities
for instrumentation of ballistic launches and space launches from the west coast. The
Electronics System Division of the Air Force was assigned the task of atternpting to
outguess our needs, They were going to tell us what we were going to need to accomplish
our abjectives.

Back in about 1966 there was a detachment of ESD people here. When they took a
lock at this problem they said, "Yes, you are suffering from a lack of downrange islands so
something drastic has to be done.” The requirement was thrust upon us 1o start impacting
ICBMs in the Kwajalein area, That was because a great deal of money was being spent in
the Roi-Namur complex for TRADEX and other radars associated with evaluation of
reentry systems. Then they added the requirement to score impacts, and recover warheads.
The recovery dictated the need for the lagoon impacts. They not only wanted an accurate
score, they also wanted to get the warhead {or pieces} back. That dictated negotiation with
the Marshallese to evacuate a corridor 32 miles wide through the middle of the Kwajalein
lagoon,

{See Viewgraph}

This basic problem and why | brought it up, points out the need and justifies the
expenditure for the coherent modifications to the FPQ-6 at Pillar Paint and the FPS-16's at
PMR. The TPQ-18 was already programmed for coherent mod by the ETR befare it was
delivered 10 Vandenberg.

So this is generaily the probilem. A much different situation because you have natives,
plus military and civilian dependents on Kwajalein and you have a popuiation up at
Roi-Mamur. This was drastically different than the situation at Eniwetok where there were
no natives, no dependents, and where shelter was provided for all essential personnel, 1t was
a2 good place to do exira-hazardous testing. At that time we had developed an underwater
scoring system for the Eniwetok lagoon that exceeded our expectations, and we had a 1
Sigma circular accuracy of 34 feet on impacts. OQf course, you can't argue when the
recovery barge is vectored into position, and the diver dives down about 200 feet and steps
on the warhead! But with this requirement at Kwajalein, we had to do something drastic,
so, ESD initiated a study with the help of MITRE, to see if multilateration radars bearing
down on the trajectory might provide a range safety system that could contain the impacts
in the corridor without inadvertent destruction of good missiles.
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So we took a lock at what the geometrical configuration could. do. We had some
simulation software; we had a contract with RCA to take a look at this situation, along
with the work being done by ESD, and what little work we did in-house at the time. This
generally is what the situation looks like.

(First Overlay)

With a single FPS-16 at the launch head, and a computer, you have an uncertainty of
something like 42 miles, bigger than the corridor itself — its just out of the question! The
future impact prediction was just not useful. There was no question but that it was
inadequate. The multilateration mode, that {'m going to show you here, ciosely correlates
both the ESD study.and RCA analysis, and what everyone took a look at.

Lets take a look at adding radars, and, although we don’t have downrange islands, lets
see what we can do with bilateration.

{Next Overlay)

This reduced the IIP uncertainty in order of something like 10 miles. Stiil
unsatisfactory - it didn't allow enough latitude for the excursion that a MINUTEMAN, for
example, might make in the last few seconds of powered flight. Adding another sensor — if
you had conventional pulse radars, Point Pillar and San Nicolas Isiand giving you the longest
baseline for bilateration plus trilateration, using a ship providing a data link, as you can see
you then have an uncertainty elipse that looks like your improving things. Of course, the
ship can give you the Z-component, measuring altitude in an optimum position near
burnout. Of course, its the Z-component when you go a quarter of the way around the
earth, 4300 miles to the target area at Kwajalein, thats your major source of error. So you
can see why there was a dramatic improvement here, but it was still not satisfactory. The
risk would be too great to say that, if we had conventional pulse radars, bilateration, plus a
ship and real time. So then we took a look at what range and range rate would do for you.

(Next Overlay)

As soon as you went coherent in a bilateration mode, when reading range and range
rate directly, you can see that the size of the uncertainty ellipse narrowed down, moved
about 90 degrees. But when you're bcuncing back and forth against the corridor lines, it
still hasn’t done enough good. '

Lets take a loak at what happens when you put a ship in the solution. This is a ship
near burnout with a conventional pulse radar, but providing real-time data reliably into the
computation center. [t reduces your uncertainty ellipse to something like 2 by 3 miles. And
that bboks good! Theory showed that this is the way to go!

Lets go coherent at Point Pillar and give the Navy the money to modify radars at San
Nick, Point Mugu, and away we go!

In those days we had ships also. This convinced the people reviewing the budget, and
everyone else, that this was a sound method of approach. All the probiems you've been
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hearing about, some of the presentations that our folks have shown you, kept talking about
the 11Ps and Kwajalein, this was the compelling requirement. The problem has been taking
the theory and reducing it to practice.

As in MINUTEMAN, the problem of having a range safety system for a muiti-stage solid
rocket, with high accelerations is that it requires that action be taken in the last half-second
of powered flight. You have to measure lateral gcceleration near burnout 1o reliably contain
the impact within the boundaries of the Kwajalein lagoon corridor., That means you are
going to have 1o have computer abort. You can't have a guy at a console with his finger on
a button. The brain-to-finger response time alone is out of the question.

As soon as we started talking about computer abori, the Range Commander who has
the safety responsibilily and can’t delegate i, asked the great question: “How retiable is my
system, what is the possibility of that computer blowing a good ‘bird’?”

So, my small analysis group started looking at reliability figures for radars in general,
data links, everything associated with getting the data into the computer. Assuming that we
had the software that worked at the time, what were the chances of a dropout that would
causeé a computer abort? It turns out that the Range Safety Officer would buy about 5
percent of the birds. So, each Commander, when given that information, said **I'm going to
take my chances, | don’t want computer abort. ¥'d rather go with the waiver before | design
into the system an assured method of blowing 1 out of 20 ’‘birds’.” Generals Bleymaier,
Kronauer, Wilson and Lowe felt the same way. We haven’'t had a Commander who has felt
differently. As a result, this kind of put the haitus on where we were going with this
system. Furthermore, we didn’t have the computational power, as an example, even if we
had a system that could work reliably, Because we did not demonstrate a positive system of
range safety, we couldn’t tell our users, “‘you must carry a coherent beacon.”

That is essentially where we are today, and one of the reasons for this conference. We
have coherent mods. We know a lot more about beaconry and we know a lot more about
the refiability of data links. So we need another appraisal - maybe an agonizing reappraisal
of whether we're going to take another stab at this system, take a logk at GERTS for
MINUTEMAN, or whatever means we can. Maybe an interferometric system? |I'm not
talking about a floating MISTRAM or something like that, but by taking another look at
whatever technology s available to us, so we can go from the waiver mode to a positive
system of range safety for Kwajalein,

| hope that this briefing will give you some background on why the initial investment
was made in coherent radars for the West Coast launch head.

Ty




dIHS -\NGS-44 u.&.,—d._.w
INS - dd Avug

. dd ~ING LWNIP3IHO) 1V )%
dd NOWLWIS J9NIS 1gAQ

NU04INd NY2I0/dIMS HOD NON
dd-INS HOD ANJTANOD 1Nl

\ BOWYN—-1OD

AIVTNIIV dil NOLININIWNY ISNI

C-19-191Mm




APPENDIX J

PULSE DOPPLER INSTRUMENTATION RADARS

By
RENZO MITCHELL, RCA

MSRD, Bldg. 108-239
Moorestown, New Jersey 08057




PULSE DOPPLER INSTRUMENTATION RADARS
Renzo Mitchell, RCA

FPQ-6/TPQ-18

VAFB
PILLAR POINT
WALLOPS ISLAND

FPS-16

PT. MUGU
SAN NICOLAS

MPS-36

2 - SAMTEC {MRSS)
1 —TONOPAH

2 — KWAJALEIN

3 — GERMANY

6 — WSMR

J=-2

—



DESIGN PERFORMANCE CAPABILITY

FPQ-6/TPQ-18
RANGE RATE 0.1 FT./SEC.

COHERENT INTEGRATION IN RANGE AND ANGLES

FPS-16
RANGE RATE | 0.1 FT./SEC.
MPS-36 ' 1.0 FT./SEC. (SPEC.)

0.1 FT./SEC. DESIGN CAPABILITY

MPS-36 FINE LINE TRACK

FINE LINE TRACK IN RANGE AND ANGLES,

DECREASED DOPPLER AMBIGUITY RESOLUTION TIME.

CAPABILITY OF TRACKING THROUGH CLUTTER.
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IMPROVEMENTS IN CAPABILITY

..... SOFTWARE ENCHANCEMENT TO MAINTAIN DOPPLER TRACK DURING STAGING.

..... SOFTWARE ENHANCEMENT TO MAINTAIN DOPPLER TRACK DURING EVENTS THAT
CAUSE SPECTRAL SPREADING — FLAME EFFECTS.

.....SATELLITE COMPUTER TO RELIEVE 4101 OR DDP-124,
..... AUTO CHECKOUT TO ASSURE OPERATIONAL READINESS.

..... VELOCITY/ACCELERATION PROCESSING IMPROVEMENTS TO ENHANCE INITIAL
LOCK—ON CAPABILITY AT LOW PRF AND HIGH ACCELERATION.

..... DRIVER STROBE RISE-TIME REDESIGN.

..... SYSTEM NOISE FLOOR IMPROVEMENTS.
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GENERAL PROJECT DESCRIPTION

The purpose cf the GEOS~C Project is to design, develop, and launch
a geodetic and oceanographic satellite and to perform experiments in support
of the application of geodetiec satellite techniques to the Earth and Ocean

Physics Applications Program,

The GEOS-C Missi;n will provide data with which to refine the geodetic
and geophysical results of the National Geodetic Satellite Program (NGSP)
and will furnish a test bed for new systems; This Mission will also
contribute to fulfilling the C-band radar calibration and altimeter re-

quirements of the Departments of Defense and Commexce.

The spacecraft for this mission was designed and fabricated by
the Applied Physics Laboratory of the Johns Hopkins University. The
struétural configuration is based on the GE0S-2 mechanical design.
Basically, the structure will be the same as GEO0S-2 with the sub-

stitution of heavier trusses to accommodate the additional weight,

The GE0S~C (Geodvnamics Experimental Ocean Satellite) will be
iaunched during FY-75 from the Air Force Western Test Range (AFWTR)
located at Vandenberg AF¥B, California. The nominal orbit parameters are:

Mean Altitude 843 km

Inclination 115 degrees
Eccentricity - 0.006

Period

101.8 minutes

K-2




The orbital parameters are chosen to maximize the pbssibility of pro~
viding orbit traces which cover the earth's surface in a prescribed

grid work pattern,i.e., 1° x 1°,

Following orbital injection, the spacecraft will employ an attitude
stabllization system consisting of a gravity gradient boom with end mass
and damper, momentum wheel and an electromagnet. The energized electro-
magnet creates a magnetic dipole moment along the boom axls of the
satellite to aid in gravity gradient capture. The axis qill align with
the earth's magnetic field so that in the northern latitudes the proper
gide of the spacecraft will point earthward. At this time, the boom will

be extended and the electromagnet turned off.

Power for operation of the spacecraft and experiment sub-systems
will be provided by a single 1l-cell battery. The battery will provide
a 14.7 volt nominal power supply for tha duration of the mission which

is scheduled for a period of one year.

A PCM/PM telemetry syster will allow two basic modes: low bit
rate data transmission (1.562ZK bits/sec) or high bit rate data transmission
(15.62K bits/sec.). Transmission of data will be either via S-band direct
to ground, S-band.to ground‘via the ATS-F satellite, and/or VHF direct to
ground. Experiment sub-systems will be controlled by a serles of commands

either stored (delayed command) or sent directly from ground stations,
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GEQS—-C MISSION OBJECTIVES

The GEQS-C Mission Objectives in order of priority at launch

ares

To perform an in-orbit satellite altimeter experiment te: (1)
determine the feagibility and utility of a space-borne radar altimeter
to map the topography of the ocean surface with an absolute accuracy
. of +5 meters, and with a relative accuiacy of 1-2 meters, (2) determine
the feasibility of measuring the deflection of the vertical at sea,
(3) determine the feasibility of measuring wave height, and (4) contribute
to the technology leading to a future operational altimeter—satellice
system with a 10-cm measurement capability.

* To further support the calibration of NASA and other agencies'
ground C-band radar systems by providing a space-borne coherent C-Band
transponder system, to assist in locating these statiens in the unified
earth-centered reference system, and to provide tracking coverage in

support of the radar-altimeter experiment.

* To perform a satellite-—to-satellite experiment with the ATS-F
satellite using an S~Band transponder subsystem to directly measure the
short period accelerations imparted to the spacecraft by the gravity
field and to determine the position of the spacecraft. The anticipated
measurement data quality of about .04 cm/sec over a.ten-second integration

D]

interval will aid in Improving the earth gravity model up to spherical
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harmonic terms of degree‘and order to approximately 25 and in providing
tracking coverage over mid-ocean areas tg support the radar-altimeter
experiment. The satellite-to-satellite system will alsoc be used for

altimeter-data relay through AFS-F.

To further support the intercomparison of new and established
geodetic and geophysical measuring systems including: the radar altimeter,

satellite~to~satellite, C-Band, $-Band, iasér; and doppler

tracking.

To investigate solid-earth dynamic phenomena such as polar
motion, fault motion, earth rotation, earth tides, and continental drift
theory with precision satellite tracking systems such as laser and

doppler ground stations.

To further refine orbit-determination techniques, the determination
of interdatum ties, and gravity models with a spacecraft equipped with

laser retroreflectors, C~Band and S-Band transponders and doppler beacons.

To support the calibration of S-Band sites in the STDN by
furnishing a space-borne transponder, to assist in positioning the
network stations in the world reference system, and to assist in evaluating

the system as a tool for geodesy and precision orbit determination.

The achievement of these cbjectives not only will constitute a
successful mission but also will greatly enhance man's understanding of

the physical properties of the planet Earth.
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EXPERIMENT PACKAGE

The GEQS-C experiment package will consist of five basic instruments
" each of which will contribute to one or more of the mission cbjectives.
Consistent with these objectives, the experiment sub-systems are listed
in priority ovder as follows:

Radar Altimerer
Coherent C~Band Transponder
S-Band Instrumentation for Satellite-to-Satellits Experiments

Laser Retroreflector

Doppler Transmitters
Non-Coherent C-3and Transponder

S~Band Instrumentation for Earth Tracking Experiments

Radar Altimeter

The basic objectives of the radar altimeter experiment are to demonstrate
the feasibility of utilizing an on—soard altimeter to measure the time-
varying behavior of the ocean's surface and the departure of the sea surface
from the geoid and to investigate altimeter instrumencatiaﬁ technology. To
meet these objectives, the altimeter will have two distinct data gathering
modes: Long Pulse and Short Pulse. The basic measurement goals established
for the altimeter are as follows:

Preclsion: Short Pulse Mode 30 cm

. Long Pulse Mode 60 cm

Geoid Accuracy: Absolute + 5 meters

*
Relative + 2 meters
Sea State: 257 of S5.W.H.
One of the primary goals of the experiment will be tc obtain engineer-
ing data on altimeter performance. For this, it will be necessary o measure

and evaluate parameters such as sea-gurface roughness and spacecraft
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libration as it relates to hardware performance. Another goal will be
to calibrate the altimeter over an ocean area, The presently planned
calibration area will be the portion of the Atlantic Ocean bounded

b§ Wallops Island, Virginia; Merritt Island, Florida; Grand Turk; and
Bermuda. Altimeter accuracy will be determined by comparing the
altitude measured by the altimeter to the spacecraft altitude determined
by independent tracking systems. Precision and reésolution will be
determined by comparing sea surface profiles resulting from altimeter

measurements to profiles determined by independent methods.

C-Band System

Two C-Band radar transponders will he flown on the GE0S-C satellite
to support the altimeter and C~Band system calibration as well as
gecmetric, gravimetric, and other geodetic investigations. The C-Band
System consists of the two transponders (one coherent and one non-

coherent) and the associated ground tracking C-Band radars,

The non—-c¢oherent transponder, operating in conjunction with existing
ground radar systems, will provide for range and angle measurements.
The coherent transponder, operating in conjunction with existing coherent
ground radar systems, will provide for range, range rate, and angle

measuremants.

"Laser System

The Laser System consists of the GEOS-C spaceborne laser retroreflector

subsystem and the ground-based Laser Ranging Systems, The retroreflector
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will be utilized in conjunction with the ground-based laser systems

to obtain precision satellite ranging data.

In the GEQS-C time frame; the NASA Laser Ranging Systems are
expected to have a ranging capability of 10 cm oxr better. The capability
of the angle data is estimated to be about 0.5 milliradian ox better.

Range and angle data are provided at a once-per-gecond rate,

Doppler System

The Doppler System consists of two spaceborne transmitters and
ground doppler receiving stations. The dual frequencies {162 and 324 MHz)

originate from an ultra-stable 5 MIz oscillator.

Ground cbservation stations measure the doppler éomponents of the
signals received from the GEOS~C spacecraft by countiné cycles resulting
from the difference between the received frequency and the station
oscillator. The difference frequencies between the higher and leower
received Irequencies and tne ;tation oscillator are combilned in tne
proper propoertions to obtain both the first order ionospheric refraction

correction and the refraction corrected doppler frequency.

S-Band System

The S-Band system consists of the following elements: .
GE0S—C Coherent S5—Band Transponder
GEOS—-C S~Band Antenna System
ATS~F Spacecraft
ATS-F Ground Terminals

STDN S-Band Ground Stations
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MISSION PROFILE

The GEQS~C Mission has been divided into two distinct phases.

Phase I covers all activities from launch through one year of Experiment

data collection and Phase II covers those activities after Phase I

through the remainder of the Mission lifetime,

Phagse I can be sub-divided into several phases according to the

extent of experiment data collection, the type of data being collected,

and varlous other operational and physical comstraints. These sub-phases

along with the dominant activity are:

PHASE I PERTQODS TIME PERIOD

(Days After Launch)

Phase A .0 - 40
Phase B 40 - 130
Phase C 130 - 285%
Phase D . 285%= 325%
Phase E - 325%- 405

DOMINANT ACTIVITY

Launch and Operational
Assessment

Experiment Systems Cali-
bration & Evaluation

Unique Experiments and
Localized Grid Activity

Global Activities

Localized Grid Densification

* The length of Phase D is not expected to change, However, the time

. of occurrence is dependent upon the time of ATS-F drift.
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PHASE A — Launch and Operatlions Assessment

This phase begins with Launch and extends over a period of apprex-
imarely 40 days in which the following activities occur:
{a) Lauach
(b) Orbit injection
(¢) Early orbit determination and refinement
(d) Gravity gradient capture and damping
{e) Momentum wheel turn on
{F} Yaw capture and stabilization damping
{g) Spacecraft functional and electrical checkout
(h) Operational assessment of experiment_systems
It 13 not expected that any useful exﬁeriment data collection will

be accoﬁplished during Phase A.

PHASE B ~ Experiment Systems Calibration and Evaluation

It is expected that this phase will begin about 40 days after launch
and continue for two or three months. It is expected that the bulk
of the data collectéd during this period will be useful for investightion
purposes. However, dat; distribution during this peried will be slower
than normal dué to the more detailed analyses required to calibrate all

experiment systems and to wvalidate all data processes,

Major activities asscciated with this phase include the following:
{a) Altimeter experiment gystems calibration

{(b) Satellite-to-satellite experiment systems calibration




(c) Altimeter experiment systems operation globally,within the
real-time ground TM station coverage areas, on those days not
utilized for Altimeter Calibration activities,

{(d) Ground tracking system (laser, C-Band znd Doppler) data
collection activities on a global basis to the maximum extent possible
commensurate with power budget, other systems calibration activities, and

investigator needs..

PHASE C '~ Unique Experiments and Localized Grid Activities

Phase C activities are expected to begin approximately 130 days after
GE(0S-C launch and continue until ATS-F is maneuvered from the Western
Hemisphere location (94 degrees west longitude) to the Eastern Hemisphere

location (34 degees east longitude).

It will be seen that the transition between Phase B and Phase €
will not constitute a major change in the type of activities being
conducted, rather only the level and extent of most activities will be

reordered.,

A typical aay during this time period will consist ef:

Ground tradking systems (Laser, C-Band and Doppler) data colleetions
activities on a global basis to the maximum extent possible commensurate
with power budget, other systems activities, and investigator needs,

Altimeter experiment data collection activities commensurate
with power budget, Investigator needs and globally within the constraints

of the ground TM station coverage.
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In addition to this majoer activity, intermittent calibration and
evaluation activities will be conducted at a nominal rate of once

per menth.

PHASE D - Glpbal Activities
Phase D activities will be conducted during the time in which ATS-F

is being maneuvered from the Western to the Eastern Hemisphere.

During this period, four arcs of SSE data per day will be scheduled
for a total of 160 SSE data arcs. Each arc will be about 45 minutes
long (i.e.,, compatible with the period of mutual visibility between

ATS-F and GEOS-C).

The SSE arcs will be scheduled to provide a complete 5° X 5° grid
pattern within the ATS~F coverage areas. This will be accomplished by
selecting two consecutive ascending and two consecuti?e descending passes
per day (spaced about 12 hours apart so that they cross near the equator),
and basically following these passes each day until the grid is complete.
Arc selection as described above, will effectively accomplish the 5 degrec
gridwork since GEOS-C ground traces are offset by about 5 degrees to the

east per day.

In addition, interface with ATS-F during the entire 40-day period
should allow a redundant 5-degree grid pattern (offset by about 2 degrees
to the east) to be placed in an area extending about 100 degrees in long-

tude, This additional 5-~degree pattern will be placed approximately
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midway within the ATS-F coverage area (e.e., between approximately

80 degrees west longitude and 20 degrees east longitude).

During each of the SSE ares described above, radar altimeter data will
be scheduled over most portions of the arcs which are over ocean areas.
Therefore, a 5-degree gridwork of altimetry data will be collected
simultaneously with the SSE data. In addition, C-Band, laser, and
doppler data will be scheduled to support orbit determination for the

S8E and radar altimeter data arcs schcduled during this period.

PHASE E - Localized Grid Densification

Phase E activities will begin at the time when activities associated
with the ATS-F have been completed. It is expected that Phase E
activities will be essentially the same as those described in Phase C
except that during the latter time period the S~Band ground tracking
network stations should all be modified compatible with the GE0S-C

instrumentation and will assume a more active role.
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INVESTIGATION FLANS

Introduction

In support of the GEOS~C Mission objectives proposals were solicited
in thirteen specific investigaticn categories with provisfon for invesri-
gations in other categories i1f these could be shown to be compatible with
long range Earth and Ocean Physics Applicaticn Program objectives. The thirteen

specific investigation caiegories can be surmarized as Zollows:

Qcean Geold Determination

This proposal category includes all proposals for the dererminatien
of the geometry of mean sea level using altimetry data alone or in combin=-
ation with other data types. The satellite altimeter obgervations will
provide measurements of the height of the satellite above the ocean surface.
This data can be used directly taq estimate the ocean geoid, provided the
satellite position can be determined with sufficient accuracy and/or
exrors in satellite positicn corrected foer. Investigations in this
category may call for tne compination of alrimeter informatién wich geoid
information obtained from existing surface gravimetry, satellite gravity
field information, deflection of the vertical information and geocentric
station position, The computation of improved satellite gravity fields
and station positions should not be included within this investigation
category.

One of the important results expected to be gbtained from the GEQS-C

altimeter is improved definition of the ocean geold. At present worldwide
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knowledge of the ocean geold is only available from satellite gravity field
data which, at best, define variations with widths of the order of 1500
kms or larger. Over restricted areas of the world, where dense surface
gravity data is available, detailed geoids can be computed defining geoid
variations with widths down to 100 kms or smaller. These detailed geoids
in local areas have demonstrated that geoid variations of 10 to 20 meters
are commonly generated by the wavelengths of less than 1500 kms and are
not present in the satellite.fields. It has also been shown that even
wavelengths of less than 100 kms can, at times, produce variations of up
to 10 meters, Therefore, the satellite altimeter with precision and/or
accuracy of 1 to 2 meters has the potential for greatly increasing our
knowledge of the ocean geoid in those substantial part; of the ocean
where no detailed surface gravity exists as well as contributing to in-
creased accuracy in those areas where surface gravity and other types of
gravity data exist.

Determination of geoid heights from altimeter measurements requires
that the altimeter measurements be reduced in coniunction with satellite
orbit informaction. Questions exist as to: (1) the Lesi method of reduction
to eliminate possible systematic orbit and altimeter errors, (2) the best
set of parameters to represent the geoid, and (3) the best method for
combination of altimeter data with other types of data for improved geoid
determination. Ten GE0S-C investigations were proposed in the geoid
computation area., These investigations represent a number of approaches
to geoid determination from altimeter data and are expected to provide
answers to the questions posed above. In order to answer the questions

posed, evaluations must be made of the actual altimeter results. Several
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investigations have as their objective the carrying out of comparisons

of results with external standards in order to make such evaluations,

Ocean Tides

Repeated measurements over a section of the ocean vsing the GEOS-C
altimeter has the potential for azllowing determination of the time
variable effects of the tidal attractions of the sun and moon on sea
surface topography. At presen: most measuremencs of ocean tides are
made at coastal stations where the tidal effects are strongly influenced
by local bathymetric effects. Although several theories exist which
permit theoretical computation of deep ocean tides only limited numbers
of measurements of deep ocean tides have been made, uéilizing bhotteom tide
meters.

The satellite altimeter has the potential for rapid global deter-
nination of occan tides. To be of maximur use, accuracies of the order of l0cm
will be required for altimeter derived tidal measurements. However, GE0S-C
even with the lesser accuracy of its altimeter should allow evaluation
of various techniques for recovery of tide data from satelllite altimeter
measurements., To be of maximum value tidal analyses of GECS~C altimeter
data must be carried out In areas where grcund truth in the form of
botteon tide meter data is available, Five Investigations in this categery

were proposed.

Sea State Determinatiouas

In addition to giving the distance between the spacecraft and the
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ocean surface, the GE0S-C altimeter data, through analysis of the character-
isties of the return pulse, is expected to provide information on the

sea state. In particular, information on mean wave height, wave period,

and wave propagation direction may be determinable., Although theoretical
studies and aircraft radar altimeter data analyses have been carried out,
considerable effort is needed to determine the degree to which various

types of sea state data can be extracted from a satellite altimeter and

to identify the best methods for carrying out extraction of the information.
The bulk of the ten investigations proposed on GEOS-C for sea state
determination analyses are aimed at evaluation of feasibility and iden-
tification of best methecds through comparison of results obtained from the
GEOS~( altimeter with ground truth information on sea state and with data
obtained from alrcraft-borne radar instruments, In addition to analysis

of GE0S-C data in terms of sea state parameters, the objectives of
investigations include development of information for use in the design

of future satellite radar altimeters and determinatiom of potential bias
introduced into altimeter sea surface topography determinations due to

sea state,

Quasi-Stationary Departures from the Marine Geoid

This proposal category includes all altimeter analyses designed to
investigate non-periodic deviations of sea level from an equipotential sur—~
face. It also includes analyses of altimeter data to determine sea
slopes associated with such phenomena as currents and wind setup., It

does not include analyses relating to wave pehnomena, ocean tides, or
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investigations directed specifically to the determination of the geoid.
The sez surface topography which will be measured by the GEQS-C
altimeter is a function primarily of variation of the force of gravity
over the earth's surface, changes in atmospheric pressure from point to
point on the ocean surface surface, density structure of the water
column, surface wind effects, dynamical effects due to ocean currents,
and tidal effects. f only gravitational forces (including rotation)
were present, the sea surface topography would be coincident with the
geoid, The effects of atmospheric pressure variations, wind forces
and tides are time variable with a reasonably high temporal frequency.
The effects of density structure gf the water column and currenis are usuall
considered to be quasi—stinionary departures from the geold, even though
the effects of currents do shift over rescricted areas of the surface.
One of the primary aims of the Earch and Ocean Physics Applications
Program is to determine, from altimeter measurements, departures of
sea surface topography from the marine geoid due to water motion. The
reason for this interest lies im the fact that the vélocity and volume
of water in motion can be iafered from these departures. Although the
GECS-C altimeter is not expected to be accuraée encugh to provicde in-
formation which 1s scientifically useful,.it is expected to be accurate
enocugh to test out the concept and permit development of methocdologies
which can be used with data from latter, wore accurate, satellite altimeters.

Two Investigations are planned in this category.

Gravity Model Improvément

This proposal category includes all analyses of GE05-C altimerer and
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tracking data whose ltimate objective is the determination of an improved
earth gravity field. These include both normal perturbation analyses
combining GEOS-C tracking data from other satellites and analyses in
which the altimeter geoid height information, SSE rate information or

other tracking data are combined with existing information for gravity field

improvement.

Improvement of the existing gravity models is required to achieve
EOPAP Program goals from three viewpoints. First, satisfaction of a
number of EQPAP goals requires improved satellite orbit determination
wnich is, to a large extent, dependent upon an improved gravity field.
Second, determination of effects of ocean currents on sea surfaLe
topography requires high accuracy geoids with which altimeter derived
sea surface topography can be compared, Increased gecid acruracy reguires
increased accuracy in knowledge of the gravity field. Finally, inter-
pretation of an improved gravity field offers the potential of increased
understanding of platetectonics and, therefore, of the mechanisms producing
earthquakes,

Gravity field information can be derived from GEOS-C ir three ways:
(1) By combining information on the perturbations of GEO0S-C from cracking
data with data from other satellites in a general perturbation analysis;
2) By a;alyéis’of satellite-to-satellite tracking data in the same manner
as Lunar Orbiter and Apollo data was analyzed to obtain residual lipe—of-
sight accelerations or compatible gravity anomaly information. Six GEOS-C
investigations fall within these areas. Their proposed investigations oiften
include the combination of GEOS-C data with gravity field information from

other sources,
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Geological Investigations

One important use of the geoid results to be derived from the GEOS-C
altimeter data will be interpretation in terms of the geological and
geophysical significance of the resuits. The GEOS-C altimeter results
can be of particular value in extending information ro areas where little
or no surface gravity presently exists. Two investigations were proposed

in this category.

Solid-~Earth Dynamics

This proposal category includes all analyses inveolving the determination
of earth tides, polar motion, and changes in rotution rate of the earth.

It also includes determination of very precise positions on the earth’s
surface using GEO0S-C tracking data for seuch purposes as determination
of fault motion and crustal plate motian.

High precision tracking of the GEOS-C sateliite, particularly by the
submeter precision laser sytems, will allow derivation_of Improved infor-
mation on the dynamics of the solid earth. Determinations can be made of
the gravitational and goocmeinic offocte of solid earth tides and of rhe
motlons of the earth's pole including chandler mection, yearly motion, and

the diumal wobble., Four invesitgations were proposed in this category.

Intercomparison, Evaluation and Calibration of Instrumentation Systems

This investigation category includes all investigations whose
objective is the evaluation and calibration of altimeter, satellite~-to-
satellite tracking and ground tracking instrumentation to be used with

the GEOS-C mission. This includes both evaluation of the on-board
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instrumentatlon and the ground systems, In this investigation category
are placed all instrument intercomparison investigations and studies
related to instrumentation technology.

The GE0QS-C Project will undertake the primary evaluation and
calibration activity with respect to the radar altimeter., Six investigator
are planned to be associated with evaluation and calibration activities
relative to ground tracking instruments and the satellite~to-satellite
experiment. Calibration and evaluation of ground tracking instruments
can be carried out by intercomparison analyses., These can involve both
co-located intercomparisons and intercomparisons involving reference orbits.
Since the satellite-to-satellite experiment inﬁolves mew instrumentation,
special emphasis will be given to evaluation and calibration of these

results.

Ground Truth Determination

This investigation category includes all iavestigations whose objective
is the collection of data from ground, ship, and aircraft based systems
and the usz of this data-tc evaluate the charactericrice of the satellite
systems,

In order to calibrate, evaluate, and utilize data taken by

instruments on board the GEO5-C spacecraft, it will be necessary to have
available certain types of ground truth for comparative purposes. Three

investigators have proposed to provide some of this ground truth data,
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Tracking Station Location ILmprovement

This investigation category includes all investigations whose primary
objective is the determiﬁation of the location of éracking stations
where the objective is geodetic in nature and is not for earth dynamic
purposes,

A number of types of tracking data taken using the GE0S-C satellite
can be used to provide improved station location information which will
be useful in sﬁpport of altimeter calibration and to support other project
objectives., GE0S-C will provide data from new stations, data of higher
accuracy than previously available, and data from new instrumentation
types such as VLEI measurements. Five investigations have been proposcd

in this cateéory.

Orbit Determination Improvement

This proposal category includes all investigations whose end objective
is orbit determination improvement. Indirectly, GEQS-C can be expccted
to support improved orbit determination by providing improved gravity
field information. However, this category will emphasize new types of
tracking information such as the SSE and altimeter data and its capability
to support Jmproved orbit determinaticm. Two investigators propuse to

study the use of GEOS-C data for this purpose.

Data Management/Information Processing

This proposal category includes investigations whose objective is

the development of methods and techniques for managing and processing the

" K=22



data taken by the various instrumentation on the GE0S-C spacecraft,
This includes the development of data editing and pre-processing techniques.
Specifically, investigations are directed toward those systems expected
to be most useful in future earth and ocean physics applications activities
and involve advanced techniques applicable to future activities.

One investigation falls in the general category of data management

and/or information processing relative to the altimeter.

Unique System Investigations

Certain GEOS-C investigations are proposed which are uniquely
associated with a particular instrumentation and do not fit into any of
the preceeding twelve categories, Two investigations are proposed in

this category and deal with the C-Band and Altimeter systems.
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ALTIMETER SYSTEM CHARACTERISTICS

CHARACTERISTIC

OUTPUT TUBE
OUTPUT POWER
PULSE WIDTH

PRF

ACQUISITION TIME
OUTPUT (ALTITUDE)
NOMINAL AVERAGE TIME
RANGE RESOLUTION

RANDOM ERROR
CORRELATION

PRECISTION

GEOS-C

LONG PULSE MODE

MAGNETRON
2 Ku
200 N SEC.

100 PULSE BURSTS/SEC.
OF 16 PULSES/BURST

<35 SEC.
32 BIT AVERAGE
1 SEC.

6.25 N SEC.

< 0.05

<l m
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SHORT PULSE MODE

TRAVELING WAVE
2.5 Kw
12 N SEC.

100 PPS

< 5 SEGC,
32 BIT AVERAGE
0.1 SEC.

1.56 N SEC,

<0.33

<0.6 m
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APPENDIX L

GEOS-C C-BAND OPERATIONS/SUPPORT

By
BEN JACKSON

NASA/Wallops Station
Wallops island, Virginia 23337
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APPENDIX M

GEOS-C COHERENT C-BAND TRANSPONDER
TECHNICAL CHARACTERISTICS

By
ALAN SELSER

NASA/Watlops Station
Wallops Istand, Virginia 23337
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APPENDIX N

DEFENSE MAPPING AGENCY TEST
OBJECTIVES FOR GEOS-C

By
MAJ. LARRY BEERS
Defense Mapping Agency

Bldg. 56, US Naval Observatory
Washington, DC 20305
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APPENDIX O

GEOS-C C-BAND WORKING GROUP

7 MARCH 1974 MEETING

Vandenberg AFB, California 93437
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AGENDA

GEOS-C C-Band Working Group

March 7, 1974 - 1330-1630 POV

C-Band Experiment Summary

Summation, C-Band Systems Objectives
Pre-Launch Objectives

Quick-Look Activities

Normal Post-Launch Objectives

Scheduling and Data Handling Procedures
Coherent C-Band Transponder {Vega Model 355C)

Piscussion
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Name

GEQS~C C-Band Working Group

Agency/0Organization

Address

Telephone

ARLGUE, H. Duane

*BEERS, Larry D., Maj.

#BELGIN, Jahn A.

BERBERT, John

*BORREGD, Arturo

CARNEY, DeVere

CHIN, Ball

DEMPSEY, Don

EBAUGH, Larry

GOBLE, Phil

GRAVES, Kenneth

GREENE, Jonn A., Maj.

HALL, Edgar

LARKINS, Williiam E.

HILLHCUSZ, Hilton

Sandia Labs.

HQ DMA/PRA

PMR

NASA/GSFC

WSMR

RCA Service Co.

WSMR

RCA/MSRD

AFETR HQ

SAMTEC/FEL

SAMTELC/ROQE

AFETR/RCA

SAMTEC/FEC

HASA/GSFC

AFETR HQ/DGS

¢-3

Div. 5474, P.0. 3ox SBOU
Albugquerque, MM 87115

Bldg 58, Haval Observatory
Washington, DC 20305

Range Operaticns, Code 3274
Point Mugu, CA 93041
Code 932

Greenbelt, MD 20771

STEWS-ID-E
White Sands Missile Range,
NM 88002

8855 Annapolis Road
Lanham, MD 20801

STEWS-1D-E
White Sands Missile Rang2,
N4 B80G2

Bidg 108-239
Moorestown, #J G8057

Attn: DDOT
Patrick AFB, FL 32825
P.0. Box 1886, 8ldg 8310
Vandenoerg AFB, CA 93237

Bldg 7000
Vandenberg AFB, CA 93437

Bldg 949
Patrick AFB, FL 32925
P.0. Box 1886, Bldg 8510
Yandenberg AF8, CA 93437

Code B61.3
Groenbelt, WD 20771

Patrick AFB, FL 32925

505-264-6552

202-254-4455

505-982-8139

301-982-5055

815-678-3220

301-552-9600

915-678-5405

609-5963-8C00/
6(9-963-3283

J35-853-5941/
AV467-5941
B05-276-4189
AV276-8995
305-494-2151
§05-866-7578
AY276-7578

307-482-0628

305-494-7735




Name Agency/Organization Address Yelephot
*KEENEY, Tem SAFSCOM/GARD Cmdr, Safeguard System Command | 205-895-45.40 ‘
SSC-RD/T. Kaenay
P.0. Box 1500
Huntsvilte, AL 35837
KENNEDY, John M. AFETR/RML Patrick AF3, FL 32925 305-494-5129/
AY854-5034
KRASILL, Wiliiam RASA/WS Wallops Island, YA 23337 804~-824-331
LANAN, K. F., L/Col. SAMTEC/XPP Yandenberg AFB, CA 93437 805-866-7875 ¥
LUBAR, Bertram H. AFETR/ENLT Patrick AF3, FlL 32925 AV85%-7096
*MANNTNG, Walter AFETR/RML Bldg 981 305-454-2211
Patrick AFB, FL 32925
MITCHELL, R. . AZA/MSAD 31dg 108-239 €09-963-500/

MORGAN, Donald G.

OSTLIE, Dick

PARKER, Horace

PATRICK, John D.

*BAULUS, William K.

FEAS

m

. C. E.

*¥RADOM, Stanley R,
RELF, Kenneth E., Dr.
ROLLINS, Clarence M.

ROY, N. A.

Vega Prec, Labs

SAMTEC/FEE

RCA Service Co.

Sandia Labs.

Sandia Labs.

SAMTEC/ROPP
SAMTEC HQ/CA
AFETR/RCA/RWL
AFETR/ENIL

Wolf R&D

Moarestown, Ng 08057

800 Follin Lane
¥Yienna, YA 22180

P.9. Box 1886, Bidg 2310
Vandenbarg AFE, CA 93437

8855 Annarcoiis Rouad
Lanham, M0 20801

Tonopah Test Range
P.0. Box 871
Tonopah, NY 89049

Div. 9426
Albuguergue, i B7115

Vandanterg AFZ, LA 93437
Vandenberg AFB, CA 93437
Patrick AF8, TL 32925

Atin: ENIL
Patrick AF3, FL 32925

Pacomoke City, MD 21351

609-363-3715
703-938-6300

AY27E-14386
301-552-9600

702-985-6277

505-264-1bo4

Az 6= 7631
1y275-7022
W05-494-2560

~¥859-4271%

301-957-2454
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Name

Agency/Jrganization

Address

Telephone

SCHELOiIXA, E. P., L/Co]

SELSER, Alanm R

SPENCE, Rovert C.

TAPP, J. B.

WATTS, Dwight

w000, Clyde A.

. AFETR/ENLT

HASA/WS

Sandia Labs.

FEC/MSAD

SAMTEC/XPP

WSMR

Range Heas. Lab.
ratrick AF3, FL 32925

Walicps Island, VA 23337

Tonopah Test Range
Toropah, NV 89049

Box 1386
Vandernberg AFB, CA 93437

81dg 8608
Yandenberg AFB, CA 93437

STEWS-HR~DR
White Sands Missile Range,
N4 83002

&

305-494-2762/
Av854-2762

804-824-3411
702-935-6217

£05-866-4071

805-866-7376

915-678-1836
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e NATIONAL AERONAUTICS AND 3PACE ADMINISTRATION
4 WALLCPS STATION
= WALLOPS ISLARD, VIRGINIA 23327

MAY ¢ 1914

1A [ rrpe
PisS {CECS-C)

TO: Distribution
FROIT: PMS/GEQS-C C-Band Subsystems Manager
SUBJECT: GEQS-C C-Band Working Group

The GEOS~C C-Band iorking Group leeting was neld on #arch 7, 1974, at
Vandenberg Air Force Base, California, in Building 7000 Theatire, as a
part of the SAMTEC Conference on (conerent Radars {or Range Instrumenta-
ticn. Since most of the cognizant Department of Dafense C-Band instru-
mentation perscnnel ware in attendanca for the conference, which began
on March 5, 1974, it was appropriate to conclude thne conference with
the C-Band Working Greup wzeting.

1t was easily apparent, during the entire conference, that the GEOS-C
C-Band instrumentation would e of invaiuabie assistance to atl of DGD
as a means of calibrating and evaluating the parforménce and accuracy
of their tracking systems. Severai requests were made during tng
conference, by persons not criginaily memcers of the ¥orking Group,

to attend this session, and 38 persons (cee Enclosure 1) were present.
Sandia Laboratories and tne Oefense Mapping Agency wers the new
agencies represented.

A general summation of the C-Band mission objectives was given anc
general dialogue regarding the impact of SAIITEC as lead DOD range on
scheduling, coordinaticn, and data nandiing ensued. The Dasic con-
sensus of opinion ty NASA, Wallops, ana SANTEC was chat NASA, Hdallops,
would do all advanced scheduling of DOD racars througn SAITEC. Any
changes to itne schedule would be done directly between wailops and

the specific range invoivea witn an intormacion cogy to 3A4cC. The
reverseé would noid irue for Lie schecdule itams originaiiy requssieca

by DOD for tracking support by various support ranges it conflicts
arose. All ranges tracking would submit a tracking report at approxi-
mately T+1 hour via TiX %o Wallops and, if the tracking was in suppori
of NASA, Wallops, use the mails to send the data packet directly to

-Wallops. Questions arose concerning distant or remote sites, and it

was concluded that the same procedures would be utilized fer them.

Questions began to arise concerning the lack of formal information at
the respective support ranges for the GEQS-C mission, and copies of

O=6




2

the Program Introduction (PI) Document Was distributed to a representa-
tive of each range. This document formalizes the program and it becomes
an official support requivement for each range, Surcpesticns were mnads
that pernaas a GEOS~C team be invited to nffer nresnntat1ons similar to
those in the SAMTEC Agenda to the Commanding Officer at each range, or
thal an invitation be extended to the GE(S-C team to make a presenta-

tion to the Range Commanders Conference in the near future.

Despite the factor that expenditures for diract support are required

by submission of the PI according tc a DOD directive being implemented,
commencing Jduly 1, 1974, most persons felt that the DOD requirements on
the GEDS-C mission would offset any costs incurred by HASA.

Many topics were openly discussed and explanations offered by

H. R. Stanley, W. B. Krabill, and A. R. Selser of NASA, Wallops;

M. E. Hawkins and J. Berbert of MNASA, GSFC; and the undersigned on

the multiple facets of the GEQS-C Program. Listed below are these
topics and/or the requiremants as stated by the range representatives .
starred on Enclosure 1.

a. Sandia Laboratories at the Tonopah Test Range requested that
they be permitted to comnence tracking GEQS-B in preparation for the
upcoming GEQS-C mission. The procedure for requesting such support
was exp]ained, as well as the available power rEMdiHIHQ on G;Oa-o,
fO'r‘ 1"' "."‘E.“"""g JuQGL—Jth o Wove muue t;uut s \.J [t ieh u‘: -:a{.\': '! 5&

tracks for acquisition purposes with SANTEC and {SHMR.

b. The ETR must solve innouse the interface between Range
Measurement Laboratory (RilL) and the remainder of the range sucit that
a single scneduling interface be made through L., Ebaugh, AFETR read-
quarters.

c. Some arrangement should be madz by WASA to identify all
support requests as: REQUIRED, DESIRED, or MISSION CRITICAL. It
was further suggested that tajor L. Beers/DiA attempt to establish
military priorities for C-Bend support. )

d. The required NASA pre-, setup-, and post-calibrations for
data collection will be made to DCD and included in the Operations
Requirements (OR) Document as specifications for operations in support
of GEQS-C. This is essential for ranges having muitiplticities of the
same type of radars, since each radar nas different characteristics.

_Raw range data should be forwarded to kiallops.

e. The proposed 14-day advanced schedule requirements were

requested to be made 30 days to allow advance planning by the support
ranges.
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f. All ranges have the capability of generating their oun angles,
if provided either tie NORAD or 3ROUVER elemenis. BROUWER elements will
be provided by tne Project through GSFC.

- A series of coordingied fracks will ba se: up utilizing GE0S-8
Lo simulate a GEOS-C type operation including data handling. This may
have to be done in segments in view of the available power for GEQS-B.

h. Mapy of the ranges have altered or added to their basic require-
ments/objectives for the GEOS-C mission and are to supply the undersigned
these updated requirements/obiectives bv the end of March. A short
surmation of each is indicated belcgw.

(1) ETR - C-Band data for self-calibration and coordination
with SAMTEC for USHS ARWOLD. Laser, and possibly Doppler, data is

requested from collocated sites.

(2} WSWR - C-Band data for calibration standards. and inter-
comparisons with other ranges. - S -

(3) PMR - C-Band, Doppler, and Laser data coordinating with
other ranges. (Doppler needs were passed on to DA for resolution.)

(4) KMR - C-Band data for seif-calibration, Doppler orbits,
T, and altimater czta are requestea. The ALCOR radar was mentioned,
but efforts are being made Dy HASA nor to utiiize this system. (i,
Doppler, and Altimeter ne=cs were passed on to DHMA for resolution.)

{5) Sandia - C-Band data for improved station location and
calibrations with other ranges (SAMTEC, WSHR).

(6} SAYTEC - C-Band, Altimeter, and Laser data for calibra-
tion coordinaticn with other ranges.

Much interest has been generated within the group, and the unanimous
consensus of opinion is that these Yorking Group Meetings should be

held every two monins throughout the lifetime of the GEQS-C mission,
possibly on a range-nost rotatacie basis.

- ) A .
\E&-L{’l Q_}, . ! '):.g_,{'.f_r,t;.“r"—

Ear]l B. Jacifon

Enclosure
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